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SUMMARY 


A  flight  loads  program  on  a  transport  helicopter  was  conducted  using  a 
Boeing- Vertol  107-11  helicopter  operated  by  New  York  Airways.  The  fol¬ 
lowing  parameters  were  measured:  airspeed,  altitude,  vertical  load  factor, 
pitch  rate,  rotor  rpm,  and  two  engine  torques.  Calculations  based  on  the 
measured  parameters  included  the  running  gross  weight  and  rate  of  climb. 
The  data  were  grouped  into  mission  segments  of  takeoff  and  ascent,  cruise, 
descent,  flare  and  landing,  and  hover.  After  the  best  method  of  data  pres¬ 
entation  was  determined,  the  data  were  sorted  by  parameter  ranges.  The 
primary  presentation  is  in  the  form  of  bivariate  and  trivariate  tables  showing 
the  time  spent  in  each  data  range.  Some  of  the  more  significant  data  effects 
are  presented  as  histograms.  The  vertical  load  factor  and  pitch  rate  data 
are  presented  as  exceedance  and  probability  curves. 


TABLE  OF  CONTENTS 


SECTION  PAGE 

I  Introduction .  \ 

II  Discussion .  2 

A.  Data  Recording .  2 

1.  Helicopter  Description . 2 

2.  Data  Acquisition  System .  2 

3.  Parameters  Measured .  3 

B.  Data  Processing .  3 

1.  Data  Editing .  3 

2.  Data  Reading .  4 

3.  Data  Processing .  4 

C.  Data  Analysis .  6 

1.  Data  Presentation .  6 

2.  Data  Analysis .  6 

HI  Conclusions .  10 

Appendix .  A- 1 


v 


LIST  OF  ILLUSTRATIONS 


✓* 

FIGURE  PAGE 

1  Percentages  of  Flight  Time  Spent  at  Airspeed  Ranges 

for  Each  Mission  Segment .  11 

2  Percentages  of  Flight  Time  Spent  at  Altitude  Ranges 

for  Each  Mission  Segment .  12-13 

3  Percentages  of  Flight  Time  Spent  at  Gross  Weight 

Ranges  for  Each  Mission  Segment .  14 

4  Percentages  of  Flight  Time  Spent  at  Rotor  RPM 

Ranges  for  Each  Mission  Segment .  15-16 

5  Percentages  of  Flight  Time  Spent  at  Engine  Torque 

Ranges  for  Each  Mission  Segment .  17 

6  Percentages  of  Flight  Time  Spent  at  Rate-of-Climb 

Ranges  for  Each  Mission  Segment .  18-19 

7  Percentages  of  Flight  Time  Spent  in  Each  Mission 

Segment .  20 

8  Average  Time  Per  Flight  by  Route .  20 

9  Vertical  Load  Factor  Exceedance  Curves  for  Each 

Mission  Segment  and  Composite  .  21-22 

10  Vertical  Load  Factor  Probability  Curve  for  Each 

Mission  Segment  and  Composite  .  23-24 

11  Pitch  Rate  Exceedance  Curves  at  Each  Mission 

Segment  Except  Cruise .  25-26 

12  Pitch  Rate  Probability  Curve .  27-28 

13  Tip  Speed  Ration,  versus  Vertical  Load  Factor  nz  ...  .  29 

14  Representative  Flight  Record .  30 

15  Test  Flight  Record .  30 


LIST  OF  ILLUSTRATIONS  (cont'd) 


FIGURE  PAGE 

A-l  Air  Data  System  Transducers .  A-8 

A -2  Oscillograph  and  Bridge  Balance  Box .  A-8 

A-3  Center  of  Gravity  Data  System  Transducers .  A-8 

A-4  Instrumentation  Installation  Vertol  1 07-11  Helicopter  .  .  A-9 

A-5  Shock  Mount  -  Oscillograph  and  Bridge  Balance  Box  .  .  .  A-10 

A-6  Bridge  Balance  and  Control  Box  Assembly . .  .  A-ll 

A- 7  Air  Data  System .  A- 12 

A-8  Center  of  Gravity  Instrumentation  Package .  A- 13 

A-9  Schematic  -  Bridge  Brlance  and  Signal  Conditioning 

Unit.  .  .  .  A- 14 

A-10  Wiring  Diagram  -  Recording  System .  A- 15 

A-ll  Recorder  Drive  Relay  and  Torque-Rotor  Tack 

Isolation  Unit  .  A- 16 

A- 12  General  Arrangement  and  Major  Components  -  Vertol 

107-H  Helicopter .  A-17 

A-13  Dimensions  and  Areas  -  Vertol  107-11  Helicopter  ....  A-18 

vii 


I 


LIST  OF  TABLES 


TABLE  PAGE 

I  Quality  Control  Values  of  Measured  Parameters .  5 

II  Flight  Time  and  Number  of  Flights  by  Route .  31 

III  Pitch  Rate  Peaks  by  Mission  Segment  and  Totals .  31 

IV  Delta  nz  Peaks  by  Mission  Segment  and  Totals .  31 

V  Delta  nz  Peaks  by  Pitch  Rate  for  Cruise  Segment  .....  31 

VI  Flight  Time  (Minutes)  Spent  in  Altitude  Ranges  versus 

Mission  Segment  and  Totals  . .  32 

VII  Flight  Time  (Minutes)  Spent  in  Airspeed  Ranges 

versus  Mission  Segment  and  Totals .  32 

VIII  Flight  Time  (Minutes)  Spent  in  Rotor  RPM  Ranges 

versus  Mission  Segment  and  Totals .  32 

IX  Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus 

Mission  Segment  and  Totals .  33 

X  Flight  Time  (Minutes)  Spent  in  Gross  Weight  Ranges 

versus  Mission  Segment  and  Totals .  33 

XI  Flight  Time  (Minutes)  Spent  in  Rate -of-Climb  Ranges 

versus  Mission  Segment  and  Totals .  33 

XII  Flight  Time  (Minutes)  Spent  at  Altitude  Ranges  versus 

Airspeed  by  Gross  Weight . 34-35 

XIII  Flight  Time  (Minutes)  Spent  at  Altitude  Ranges  versus 

Airspeed .  35 

XIV  Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus 
Rotor  RPM  by  Altitude  Ranges  and  Outside  Air 

Temperature  Ranges . 36-42 

XV  Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus 

Rotor  RPM  by  Altitude  Ranges . 43-44 


vm 


LIST  OF  TABLES  (cont'd) 


%■  J 


TABLE  PAGE 

XVI  Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus 

Rotor  RPM  by  Airspeed  Ranges  and  Mission  Segments  .  .  .  45-50 

XVII  Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus 

Rotor  RPM  by  Mission  Segment . . . 51-52 

XVIII  Flight  Time  (Minutes)  Spent  in  Altitude  Ranges  versus 

Tip  Speed  Ratio,  |i,  by  Gross  Weight  Ranges . 53-54 

XIX  Flight  Time  (Minutes)  Spent  in  Altitude  Ranges  versus 

Tip  Speed  Ratio,  p .  54 

XX  Peak  Delta  nz  versus  Tip  Speed  Ratio,  |j,  by  Mission 

Segment . 55-56 

XXI  Peak  Delta  nz  versus  Txp  Speed  Ratio,  p .  56 

XXII  Peak  Delta  nz  versus  Airspeed  by  Mission  Segment  ....  57-58 

XXIII  Peak  Delta  nz  versus  Airspeed .  58 


XXIV  Peak  Delta  nz  versus  Tip  Speed  Ratio,  |i,  by  Torque  ....  59-62 


XXV  Peak  Delta  nz  versus  Tip  Speed  Ratio,  (i,  by  Altitude 

Ranges  and  Gross  Weight  Ranges . 62-74 

XXVI  Peak  Delta  nz  versus  Tip  Speed  Ratio,  |i,  by  Altitude 

Ranges . 75-76 

XXVII  Peak  Pitch  Rates  versus  Tip  Speed  Ratio,  |i,  by 

Mission  Segment . 77-78 

XXVIII  Peak  Pitch  Rates  versus  Tip  Speed  Ratio,  . .  78 

A-l  Oscillograph  Galvanometers  Listed  by  Type,  Function  L 

and  Channel  Assignment .  A-2  S 

A-2  Dimensions  and  Areas  —  General . A-7 


IX 


SECTION  I 


INTRODUCTION 


The  need  for  structural  loads  data  from  commercial  transport  helicopters 
has  long  been  recognized.  However,  flight  test  programs  to  acquire  such  data 
have  been  practically  nonexistent.  To  determine  the  requirements  for  such  a 
program,  the  Federal  Aviation  Agency  sponsored  this  study,  in  effect,  a  pilot 
program. 

The  purpose  of  this  program  is  threefold:  (1)  to  select  parameters 
describing  the  loads  incurred  by  the  structure  of  the  craft  and  to  determine 
through  study  of  the  helicopter  performance  the  adequacy  and  pertinence  of 
these  parameters;  (2)  to  design,  install,  operate,  and  maintain  a  recording 
system  to  record  the  parameters  selected;  and  (3)  to  acquire,  process, 
present,  and  analyze  the  data  to  determine  the  optimum  means  of  treating 
each  of  these  functions  in  the  performance  of  a  full-scale  structural  loads 
program. 

The  test  vehicle  selected  for  the  program  is  a  Boeing  Vertol  107-11  heli¬ 
copter  operated  by  New  York  Airways  in  the  New  York  City  area.  This  heli¬ 
copter  carries  passengers  on  scheduled  flights  between  Kennedy  International 
Airport,  Newark  Airport,  and  Wall  Street  Heliport,  New  York  City. 
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SECTION  II 
DISCUSSION 


A.  Data  Recording 

1.  Helicopter  Description.  Operational  data  of  a  helicopter  were  ac¬ 
quired  during  the  normal  transport  service  of  a  Boeing-Vertol  107-11  heli¬ 
copter.  Under  a  subcontractual  agreement,  New  York  Airways  made  one  of 
its  helicopters,  identified  by  serial  number  N6675D,  available  for  the  instru¬ 
mentation  system. 

The  Vertol  107-11  is  a  twin-turbine  powered,  tandem  rotor  helicopter 
with  an  all-metal  fuselage  of  semimonocoque,  stressed-skin  construction. 

The  power  plant  is  located  in  the  base  of  the  fuselage  aft  pylon  and  consists 
of  two  General  Electric  CT  58-110-1  engines.  Engine  operation  is  electri¬ 
cally  controlled  from  the  cockpit.  The  aft  transmission,  also  located  in  the 
aft  pylon,  drives  two  AC  generators  which  supply  the  primary  electrical 
power. 

The  rotor  system  consists  of  two  3-bladed,  fully  articulated,  partially 
overlapped  rotors  which  are  synchronized  by  a  mix  box,  forward  and  aft 
transmissions,  and  interconnecting  drive  shafts. 

An  electronic  stability  augmentation  system  (SAS)  is  integrated  with  the 
flight  control  system  to  provide  a  high  order  of  stability  during  all  modes  of 
flight.  A  speed  trim  system,  also  integrated  with  the  flight  control  system, 
maintains  the  proper  longitudinal  trim  of  the  helicopter  automatically  at 
forward  speeds  above  approximately  40  knots. 

2.  Data  Acquisition  System.  The  data  acquisition  system  consists  of 
an  oscillograph  recorder,  a  bridge  balance  and  signal-conditioning  unit,  and 
data  signal  sensors.  The  oscillograph  recorder,  the  "heart"  of  the  system, 
was  selected  as  the  recording  device  because  of  its  simplicity  and  its  ready 
adaptability  to  semiautomatic  data  processing  techniques  and  equipment  pre¬ 
viously  employed  on  similar  efforts  by  Technology  Incorporated. 

The  bridge  balance  and  signal- conditioning  unit,  the  medium  to  transform 
the  sensor  signals  into  voltages  compatible  with  the  recorder,  was  designed 
so  that  it  would  be  sufficiently  versatile  in  performing  the  calibration  nulling 
of  the  strain  gage  bridges,  filtering,  and  signal  conditioning  functions. 

The  sensors  or  transducers  needed  to  measure  the  parameters  which 
describe  the  loads  incurred  by  the  aircraft  and  the  environmental  conditions 
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accompanying  the  loads,  were  selected  on  the  best  basis  of  input/output 
values,  performance,  and  environmental  specifications. 

Besides  all  pertinent  drawings,  the  appendix  presents  a  detailed  descrip¬ 
tion  of  the  data  acquisition  system. 

3,  Parameter?  Measured.  The  parameters  recorded  were  airspeed, 
altitude,  normal  acceleration  at  the  helicopter's  center  of  gravity,  pitch  rate, 
engine  torque  (both  engines),  and  rotor  rpm.  These  variables  represent  the 
significant  motions  as  well  as  the  overall  performance  of  the  helicopter. 

The  normal  acceleration  at  the  center  of  gravity,  the  pitch  rate,  and  the 
combination  of  airspeed  and  altitude  can  be  used  to  determine  the  forces 
acting  on  the  craft.  These  parameters  are  also  good  indicators  of  the  severity 
of  the  flight  loads  incurred  during  the  several  mission  segments.  The  rate  of 
ascent  or  descent,  as  observed  in  the  altitude  recording,  also  aids  in  defining 
loads  severity. 

The  engine  torque  and  rotor  rpm  are  useful  in  evaluating  the  performance 
of  the  craft.  The  calculated  tip  speed  ratio,  |i,  the  ratio  of  the  forward  velocity 
component  in  the  plane  of  the  rotor  to  the  tangentihl  velocity  at  the  tip  of  the 
rotor,  is  also  useful  in  evaluating  helicopter  performance  and  in  describing  the 
operating  envelope  of  the  craft. 

The  helicopter  gross  weight  and  the  air  temperature  were  manually 
recorded  prior  to  each  takeoff. 

Supplemental  data  included  items  such  as  cargo;  date;  passenger  we  ights ; 
and  barometric  pressure,  fuel  and  air  base  at  takeoff  and  landing. 

B.  Data  Processing  and  Analysis 

1.  Data  Editing.  Data  processing  editors  first  checked  all  oscillograms 
for  evidence  of  any  instrumentation  malfunctioning.  All  faulty  records  were 
removed  from  processing  and  a  report  was  made  to  the  Instrumentation  Sec¬ 
tion,  Then  the  editors  timed  all  acceptable  records  and  demarcated  the  fol¬ 
lowing  mission  segments  in  each  flight. 

(1)  Takeoff  and  Ascent  (Mission  Segment  1);  Includes  takeoff  and  climb 
to  steady  flight  and  all  ascents  during  the  flight. 

(2)  Cruise  (Mission  Segment  2):  Includes  those  portions  characterized 
by  steady  airspeed  and  rate-of-climb  generally  within  t  800  feet  per 
minute. 
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(3) 
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Descent  (Mission  Segment  3):  Includes  all  descents  during  the  flight, 
as  identified  by  decreasing  altitude,  decreasing  airspeed,  and  gener¬ 
ally  decreasing  torque. 

(4)  Flare  and  Landing  (Mission  Segment  4):  Includes  the  landing  portion 
of  flight  beginning  with  a  sharp  increase  in  engine  torque  following 
descent  prior  to  landing. 

(5)  Hover  (Mission  Segment  5):  Includes  all  portions  of  flight  when  the 
airspeed  is  below  40  knots. 

Also  the  editors  marked  the  load  factor  and  pitch  rate  peaks  to  be  read. 
Peaks  so  marked  were  those  outside  the  following  prescribed  fhresholds: 

0.  8  to  1. 2  g  for  the  load  factor  peaks  and  -2.  0  to  +  2.  0  degrees  per  second 
for  the  pitch  rate  peaks.  To  ensure  the  inclusion  of  all  peaks  in  the  data 
processing,  the  reading  thresholds  were  placed  closer  to  the  load  factor  and  . 
pitch  rate  normals,  that  is,  1.  0  g  and  0  degrees  per  second.  Any  peaks  read 
inside  the  prescribed  threshold  were  eliminated  during  computer  processing. 
The  altitude  and  airspeed  traces  were  so  marked  for  reading  that  straight-line 
segments  joining  the  points  would  reproduce  the  general  pattern  of  the  traces. 

Early  examination  of  the  data  revealed  that  the  pitch  rate  trace  always 
deflected  before  a  load  factor  peak  during  the  cruise  mission  segment.  Con¬ 
sequently,  the  editors  marked  only  the  load  factor  peaks  in  this  mission 
segment.  Then  when  measuring  these  peaks,  the  data  readers  also  measured 
the  nearest  preceding  pitch  rate  peak  deflecting  in  the  same  direction.  In  all 
other  mission  segments,  however,  the  load  factor  and  the  pitch  rate  peaks 
were  marked  independently  of  each  other. 

2,  Data  Reading.  All  selected  in-flight  recordings  were  read  on  semi¬ 
automatic  data  readers  and  the  results  recorded  automatically  on  IBM  cards. 
The  digitized  data  were  checked  for  format  and  for  accuracy  of  trace  repre¬ 
sentation.  A  quality  control  check  included  precise  manual  measurements  to 
verify  the  reading  accuracy.  The  differences  between  the  machine  and  manual 
readings  were  used  to  calculate  the  mean  and  the  standard  deviations.  Table 

I  shows  the  mean  deviation  and  the  99.  7%  confidence  limits  for  each  of  the  pa¬ 
rameters. 

3.  Data  Processing.  The  acceptable  data  were  processed  through  an 
IBM  7094  computer.  Values  for  each  parameter  were  grouped  in  pre¬ 
selected  ranges.  Whenever  an  airspeed  range  or  altitude  range  was  skipped 
in  the  time  history,  the  computer  interpolated  a  value  and  made  a  note  of  the 
interpolation.  Values  outside  normal  operating  ranges  were  also  noted  for 
subsequent  checking. 
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Table  I 


Quality  Control  Values  for  Each  Parameter 


Parameter 

Mean  Deviation 

99-  7%  Confidence 

Airspeed  (at  120  knots) 

0.  03  knot 

t  0. 9  knot 

Altitude  (at  1000  feet) 

1.  5  ft 

+  54  ft 

nz 

.  002  g 

t  .03  g 

Pitch  rate 

0  01  deg/sec 

1  0.  27  deg/ sec 

Engine  torque  I 

0.  03% 

+  0.  72% 

Engine  torque  II 

0.  035% 

t  0.  81% 

Rotor  rpm 

0.  09  rpm 

t  3.  3  rpm 

All  the  significantly  high  or  low  values  of  each  of  the  parameters  and  all 
the  computer  comments  were  checked  against  the  corresponding  oscillograms. 
This  correlation  served  as  a  further  check  of  the  data  reading  and  the  computer 
operation. 

The  computer  program  also  included  calculating  the  tip  speed  ratio  |i  as 
follows: 

V 


where 

V  =  airspeed 

Q  =  rotor  angular  velocity 
R  =  rotor  radius,  25  feet 


Since  rotor  rpm  was  measured,  the  equation  can  be  given  as 

V 


M  =  0.  6448 


rpm 


with, airspeed  given  in  knots. 
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C.  Data  Analysis 


1.  Data  Presentation.  The  data  are  presented  in  both  tubular  and 
graphic  form.  The  tables  were  arranged  so  that  all  measured  and  calcu¬ 
lated  data  pertinent  to  a  structural  flight  loads  study  would  be  readily  appar¬ 
ent.  Both  bivariate  and  trivariate  tables  were  used  to  show  the  time  spent 
within  given  combinations  of  parameter  ranges,  commonly  termed  "data 
blocks."  Tables  indicating  the  number  of  peaks  reaching  or  exceeding  given 
values  within  certain  time  units  are  presented  for  the  vertical  load  factor  and 
the  pitch  rate  peaks.  The  times  listed  in  the  tables  were  rounded  off  to  the 
nearest  tenth  of  a  minute.  A  time  value  between  0  to  0.  05  was  printed  as  "0.  0" 
while  a  time  equal  to  zero  was  printed  as  "0.  "  Parameter  range  headings  in¬ 
dicate  only  the  lower  limit  of  each  range. 

The  graphs  consist  of  histograms,  and  exceedance  and  probability  curves. 
The  histograms  show  the  percentage  of  time  spent  in  the  various  parameter 
ranges.  The  airspeed,  gross  weight,  and  rotor  rpm  are  also  presented  as 
percentages  of  maximum  values  as  obtained  from  the  pilot's  handbook.  The 
exceedance  and  probability  curves  present  the  vertical  load  factor  and  pitch 
rate  data.  These  curves  serve  directly  to  predict  aircraft  life  expectancy  and 
to  establish  design  criteria.  The  data  in  the  various  graphs  were  grouped  by 
mission  segment  to  indicate  the  relative  operational  severity  imposed  by  the 
different  flight  conditions. 

2.  Data  Analysis.  Figure  1  shows  for  each  mission  segment  the  per¬ 
centage  of  flight  time  spent  in  airspeed  ranges.  Apparently,  the  takeoff  and 
ascent  time  is  rather  uniform  in  the  lower  airspeed  ranges  and  the  climb 
speed  is  in  the  60-  to  120-knot  range.  That  the  normal  cruise  airspeed  was 
between  120  and  140  knots  is  evidenced  by  the  cruise  segment  showing  most 
of  its  time  within  this  range.  As  noted  during  the  cruise  mission  segment, 
the  maximum  recorded  airspeed  was  144  knots.  Airspeeds  over  140  knots 
were  reached  only  during  cruise  and  descent. 


Figure  2  shows  percentages  of  flight  time  spent  in  selected  altitude  ranges. 
Except  for  the  time  expended  in  performing  flare  and  landing  from  above  500 
feet,  which  was  due  in  part  to  practice  landings  on  the  Pan  American  Building, 
the  percentages  conform  to  expectations. 

As  shown  in  Figure  3,  the  percentages  of  time  for  the  respective  gross 
weight  ranges  are  generally  the  same  for  all  mission  segments  except  Hover. 
The  hover  percentage  discrepancy  indicates  that  most  of  the  hover  maneuvers 
were  performed  with  either  empty  helicopters  or  with  light  payloads.  This 
was  due  to  most  hover  occurring  during  test  flights. 
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Figure  4  gives  for  each  mission  segment  the  percentages  of  flight  time 
spent  in  rotor  rpm  ranges.  Although  the  hover  segment  expended  considerable 
time  in  the  264-  to  275-rpm  range,  most  of  the  flight  time  was  spent  in  the 
253-  to  264-rpm  range.  The  maximum  permissible  power-off  rotor  rpm  of 
298  rpm,  or  113  percent,  was  never  exceeded. 

Figure  5  presents  for  each  mission  segment  the  percentages  of  flight 
time  spent  in  ranges  of  engine  torque  expressed  as  percentages.  Takeoff  and 
ascent  is  characterized  by  high  torques  between  60  and  80  percent.  Cruise 
torques  are  predominantly  between  60  and  70  percent,  and  hover  torques  fall 
mainly  between  40  and  60  percent.  This  is  due  to  most  of  the  hover  occurring 
during  test  flights  when  the  gross  weight  was  low.  While  the  plots  and  tables 
for  other  parameters  was  based  on  316  flight-hours  recorded  in  2344  flights, 
those  for  the  engine  torque  are  based  on  248  flight-hours  recorded  in  1798 
flights.  The  discrepancy  was  due  to  malfunctioning  of  the  torque  recording 
during  546  flights.  No  other  parameters  were  affected. 

Figure  6  shows  for  each  mission  segment  the  percentages  of  flight  time 
spent  in  rate-of-climb  ranges.  Takeoff  and  ascent  shows  the  highest  rate-of- 
climb  values;  however,  most  of  the  time  in  this  figure  is  below  1200  feet  per 
minute.  The  small  percentages  of  time  in  a  negative  rate  of  climb  during 
takeoff  and  ascent  reflect  the  fact  that  the  mission  segments  are  distinguished 
by  the  major  trends  in  the  parameter  traces.  Similarly  small  percentages 
of  time  in  a  positive  rate  of  climb  are  observed  in  the  descent  and  the  flare 
and  landing  segments. 

Figure  7  shows  the  percentages  of  flight  time  spent  in  each  mission 
segment,  and  Figure  8  shows  the  average  time  for  flights  in  each  route.  The 
route  marked  "Other"  includes  all  test  flights  and  ferry  flights  without 
passengers. 

Figure  9  shows  for  each  mission  segment  and  a  composite  of  the  segments 
the  number  of  normal  load  factor  peaks  to  be  expected  during  each  1000  hours 
of  flight.  The  highest  recorded  load  factor  is  2.  015  which  occurred  during  the 
cruise  mission  segment  of  a  test  flight.  The  hover  segment  had  the  mildest 
normal  load  environment.  Figure  10  presents  the  normal  load  factor  data  as 
the  probability  of  given  values  being  reached  or  exceeded. 

Presenting  curves  of  both  positive  and  negative  pitch  rate  peaks  for  each 
of  the  mission  segments  except  for  the  cruise  mission  segment,  Figure  11 
shows  the  pitch  rate  peaks  to  be  expected  for  each  1000  hours  of  flight.  As 
evidenced,  the  positive  pitch  rate  exceedance  is  more  severe  than  the  negative 
pitch  rate  exceedance  and  the  hover  mission  segment  has  the  most  severe 
exceedance  values  of  the  positive  pitch  rate.  The  largest  negative  pitch  rate 
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peak  was  recorded  during  a  takeoff  and  ascent  mission  segment.  Figure  12 
presents  probability  curves  for  the  pitch  rate  peaks. 

Figure  13,  a  plot  of  normal  acceleration  versus  the  tip  speed  ratio,  shows 
the  operating  envelope  of  the  helicopter.  Since  airspeed  affected  the  tip  speed 
ratio  mere  than  rotor  rpm,  the  high  values  of  |i  were  generally  due  to  high 
airspeed  rather  than  to  low  rotor  rpm. 

Representative  of  a  typical  flight  record,  Figure  14  depicts  the  Route  6 
flight,  Newark  to  Wall  Street,  flown  on  30  November  1964.  This  flight  took 
4.  70  minutes,  the  average  of  the  flights  on  this  route  being  5.  16  minutes. 

The  flight  profile  is  similar  to  those  of  the  other  flights.  After  gradually 
approaching  the  maximum  near  the  middle  of  the  flight,  the  altitude  drops 
slowly  as  the  craft  begins  the  descent.  Engine  torque  is  very  steady  during 
the  cruise  portion.  When  the  slow  descent  begins,  the  torque  first  falls 
slightly  and  then  holds  steady  until  the  airspeed  starts  to  decrease.  There¬ 
after,  the  torque  falls  again  until  just  before  the  flare  and  landing.  During 
this  flight,  37  normal  acceleration  peaks  were  recorded,  the  maximum  giving 
a  1. 24  g.  The  maximum  positive  pitch  rate  was  3.  2  degrees  per  second  and 
the  maximum  negative  pitch  late  was  -3.  5  degrees  per  second.  Of  the  40  pitch 
rate  peaks  recorded,  6  occurred  during  cruise. 

Figure  15  is  a  record  of  a  test  flight  whose  takeoff  and  landing  both 
occurred  atop  the  Pan  American  Building  in  New  York  City.  The  large 
fluctuation  of  the  pitch  rate  immediately  after  takeoff  and  before  landing  was 
also  observed  in  the  records  of  other  flights  operating  from  and  to  this 
helicopter  base.  Of  particular  interest  is  the  takeoff  where  the  helicopter 
first  pitched  positively  and  then  gained  altitude  without  increasing  airspeed. 
After  climbing  about  100  feet,  the  craft  pitched  negatively  or  forward  and 
then  began  to  gain  airspeed  and  more  altitude  until  it  reached  the  cruise 
condition.  The  short  period  of  positive  pitch,  increasing  altitude,  and  constant 
airspeed  did  not  occur  during  normal  ground  takeoff.  During  the  landing  of 
this  flight,  the  maximum  positive  pitch  rate  was  3.  9  degrees  per  second  and 
the  maximum  negative  pitch  rate  was  -6.  3  degrees  per  second.  During  the 
takeoff  following  this  flight,  the  maximum  pitch  rate  values  were  +4.  3  degrees 
per  second  and  -5.  7  degrees  per  second. 

Table  II  lists  the  data  acquired  from  the  scheduled  routes.  The  listing 
for  Route  7  (Test)  includes  data  from  all  flights  not  on  a  scheduled  passenger 
route. 

Tables  III  and  IV  give  for  each  mission  segment  and  all  segments  combined 
the  number  of  recorded  pitch  rate  peaks  and  normal  load  factor  peaks,  respect¬ 
ively.  Table  III,  however,  does  not  include  pitch  rate  peaks  for  the  cruise 
mission,  as  these  are  shown  in  Table  V. 
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Based  on  the  observation  that  each  normal  load  factor  peak  accompanied 
a  pitch  rate  peak  during  the  cruise  mission  segment,  Table  V  gives  the  number 
of  normal  load  factor  peaks  versus  the  corresponding  pitch  rate  for  this 
segment.  As  indicated,  negative  values  of  Anz  generally  correlate  with  nega¬ 
tive  pitch  rate  peaks. 

Tables  VI  through  XI  list  for  each  mission  segment  the  flight  time  spent 
in  ranges  of  altitude,  airspeed,  rotor  rpm,  engine  torque,  gross  weight,  and 
climb  rate.  The  table  for  engine  torque  is  based  on  248  hours  of  flight  data 
recorded  during  1798  flights.  The  tables  for  the  other  parameters  are  based 
on  316  hours  of  flight  data  recorded  during  2344  flights. 

Tables  XII  and  XIII  give  the  flight  time  for  combinations  of  altitude  and 
airspeed  ranges,  the  former  having  a  breakdown  by  gross  weight  range.  The 
two  highest  airspeeds,  144  and  143  knots,  occurred  in  the  16,  000-17,  000 
pound  and  17,  000-18,  000  pound  gross  weight  ranges,  respectively. 

Tables  XIV  through  XVII  list,  for  combinations  of  engine  torque  percentage 
and  rotor  rpm  ranges,  the  flight  time  in  ranges  of  temperature,  altitude,  air¬ 
speed,  and  mission  segment,  respectively. 

Tables  XVIII  and  XIX  give  the  flight  time  for  combinations  of  altitude  and 
tip  speed  ratio  ranges,  the  former  having  a  breakdown  by  gross  weight  range. 

Tables  XX  and  XXI  and  XXIV  through  XXVI  list  the  number  of  incremental 
load  factor  peaks  for  the  respective  ranges  of  tip  speed  ratio.  Table  XX  has 
a  breakdown  by  mission  segment,  Table  XXIV  by  engine  torque  percentage 
ranges,  Table  XXV  by  gross  weight  ranges  and  altitude  ranges,  and  Table  XXVI 
by  altitude  ranges.  As  indicated  in  these  tables,  the  cross  correlations 
between  the  load  factor  and  the  other  variables  are  useful  in  developing  load 
spectrums  and  profiles  for  fatigue  life  prediction.  Tables  XXII  and  XXIII 
present  the  number  of  incremental  load  factor  peaks  for  airspeed  ranges,  the 
former  having  a  breakdown  by  mission  segment. 

Tables  XXVII  and  XXVIII  give  the  number  of  pitch  rate  peaks  for  the 
respective  ranges  of  tip  speed  ratio,  the  former  also  having  a  breakdown  by 
mission  segment. 
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SECTION  III 


CONCLUSIONS 


(1)  The  trial  investigation  of  the  flight  loads  incurred  by  the  Vertol  107-11 
helicopter  operated  by  New  York  City  Airways  proved  the  feasibility  of 
a  large-scale  flight  loads  program  for  this  type  of  helicopter  used  in 
civil  transport.  Also  each  of  the  parameters  chosen  for  in-flight  record¬ 
ing — airspeed,  altitude,  normal  acceler-5  ion  at  the  helicopter's  center  of 
gravity,  pitch  rate,  rotor  rpm,  and  engine  torque — proved  meaningful  in 
depicting  and  interpreting  the  flight  loads.  Except  for  the  outside  air 
temperature  which  should  be  recorded  automatically,  other  variables 
supplemental  to  the  above  parameters,  such  as  takeoff  and  landing  weight, 
should  still  be  recorded  manually  in  a  large-scale  program. 

(2)  The  five  mission  segments  selected  for  data  separation — takeoff  and 
ascent,  cruise,  descent,  flare  and  landing,  and  hover — proved  satisfac¬ 
tory  in  studying  the  distinctive  phases  of  flight. 

(3)  During  the  cruise  mission  segment,  a  normal  load  factor  peak  was  always 
preceded  by  a  pitch  rate  peak.  This  relationship  existed  in  this  mission 
segment  only. 

(4)  In  normal  operation,  the  test  helicopter  spent  more  than  half  of  its  flight 
time  in  the  cruise  condition  with  altitude  generally  below  1000  feet.  Also 

it  expended  minimum  time  in  performing  the  takeoff  and  landing  maneuvers. 
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Figure  5  Percentages  of  Flight  Time  Spent  at  Engine  Torque  Ranges 
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Table  II 


Flight  Time  and  Number  of  Flights  by  Route 
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Pitch  Rate  Peaks  by  Mission  Segment  and  Totals 
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Delta  nz  Peaks  by  Mission  Segment  and  Totals 
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Table  VI 


Flight  Time  (Minutes  Spent  in  Altitude  Ranges 
versus  Mission  Segment  and  Totals 
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Table  VII 

Flight  Time  (Minutes)  Spent  in  Airspeed  Ranges 
versus  Mission  Segment  and  Totals 
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Table  VIII 


Flight  Time  (Minutes)  Spent  in  Rotor  RPM 
Ranges  versus  Mission  Segment  and  Totals 
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Table  IX 


Flight  Time  (Minutes)  Spent  in  Torque  Ranges 
versus  Mission  Segment  and  Totals 
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269.7 

69.6 

9.3 

6562.7 

70.0 

1033.8 

820.0 

19.6 

16.0 

0.2 

1889.6 

80.0 

153.3 

12.3 

2.0 

167.6 

90.0 

3.0 

0.4 

0.0 

3.4 

100.0 

TOTAL 

2369.3 

8688.8 

2838.8 

682.9 

278.2 

14858.0 

Table  X 


Flight  Time  (Minutes)  Spent  in  Gross  Weight 
Ranges  versus  Mission  Segment  and  Totals 


Gross  Mission  Segment 


Weight 

rc-«sc 

CRUISE 

OESCENT 

FLR-LND 

HOVER 

TOTAL 

-  lbs 

12.00f. 

3'':.  4 

778.9 

385.1 

64.2 

184.3 

1914.9 

12  #000 

30c. 7 

1285.0 

394.3 

80.4 

45.5 

2113.9 

1 4  .  UO ') 

5)6.9 

2247.7 

701.0 

142.8 

57.6 

3665.2 

IS, 03; 

5*3.7 

2)93.1 

701.4 

157.9 

26.6 

3569.7 

1'-  .000 

541.4 

1707.7 

606.8 

147.2 

63.6 

3066.7 

17.C.0C 

5-3.3 

1738.0 

6  30.2 

148.2 

1.1 

3031.3 

Id .000 

2'J  3  •  1 

908.0 

295.2 

63.1 

0.4 

1359.9 

total 

3114.0 

10958.3 

3684. 1 

803.8 

381.3 

16941.4 

Table  XI 


Flight  Time  (Minutes)  Spent  in  Rate-of-Climb 
Ranges  versus  Mission  Segment  and  Totals 


Rate-of-Climb 

Mission  Segment 

ft /min 

rc-asc 

C’uISE 

OESCE'iT 

FLR-LND 

HOVER 

TOTAL 

>•=1.0  A 

4.7 

4.7 

““  L  ^  0 

9.8 

9.  c 

-2 

3.1 

15,2 

3.4 

15.7 

-Ir.Oo 

l.l 

96.5 

2.4 

100.0 

-123. 

0.1 

11. 1 

551.1 

35.0 

597.3 

-  -  0  ", 

2.3 

321.4 

15^7.1 

213.4 

2.7 

2046.6 

-«.y>’ 

7-5.5 

10247.5 

1483.3 

549.7 

374.3 

13445.3 

; 

1122.6 

362.5 

9.  -» 

2.8 

4.0 

1492.8 

■  0  0 

7-7.3 

22.5 

1 . 5 

0.1 

0.3 

791.7 

i:o-. 

2  9‘  .5 

1.4 

297.9 

U3 ... 

*3.4 

3.2 

95.6 

2  '  •  . 

:  .  9 

28.9 

1*..  7 

14.7 

:  1 1  •* .  0 

1  ■'  J  J  7 . 3 

i 694.0 

803.8 

331.3 

18940.9 
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Table  XU 


Flight  Time  (Minutes)  Spent  at  Altitude  Ranges 
versus  Airspeed  by  Gross  Weight 


Altitude 

Feet 

LESS 

40 

LESS 

292.4 

54.9 

500 

15.3 

5.8 

1000 

1.2 

1.4 

1500 

0.5 

1.0 

2000 

2500 

0.4 

0.4 

TOTAL 

309.6 

fc3.6 

Altitude 

Feet 

LESS 

40 

LESS 

1  72.2 

53.9 

500 

2.7 

5.4 

1000 

2.1 

2.1 

1500 

0.2 

0.4 

2000 

0.4 

2500 

0.3 

0.5 

TOTAL 

177.? 

62.7 

Airspeed  -  Knots 


60 

60 

10O 

91.1 

101.3 

96.6 

22.6 

97.0 

211.6 

18.4 

51.5 

105.3 

9.1 

16.5 

39.5 

3.0 

13.7 

44.0 

5.6 

20.0 

26.6 

149.8 

300.2 

523.7 

Airspeed  - 

Knots 

60 

80 

100 

83.6 

108.9 

no.i 

23.6 

82. 7 

255.0 

8  .  ti 

24.5 

92.2 

3.1 

3.4 

16.2 

0.4 

2.  3 

5.7 

0.5 

12.4 

13.0 

120.  j 

234.4 

612.3 

Gross  Weight 
12.000  to  13,000  lb 


120 

140 

TOTAL 

91.5 

0.2 

728.1 

250.8 

0.3 

603.5 

119.2 

1.2 

298.3 

61.1 

127.7 

28.6 

89.7 

14.9 

67.4 

566.1 

1.7 

1914.9 

Gross  Weight 

13. 

000  to  14. 000  lb 

120 

140  TOTAL 

168.5 

0.8  718.1 

509.7 

879.9 

2H2.4 

412.2 

40.(1 

63.2 

4.4 

13.2 

0.4 

27.2 

005.4 

0.8  2113.9 

Altitude 

F  eet 

LtSS 

4U 

LESS 

266.3 

1C5.1 

500 

4.1 

6.0 

1000 

8.7 

3.0 

1500 

1.7 

2000 

2500 

total 

’76. 8 

115.9 

Altitude 

Feet 

LtSS 

40 

LESS 

246.4 

110.5 

500 

11.3 

7.9 

1000 

4.4. 

4.4 

1500 

0.2 

1.7 

2000 

0.4 

0.3 

2500 

TOTAL 

263.3 

1  24.9 

Airspeed  - 

Knots 

50 

30 

100 

161.4 

187. Z 

232.5 

31.7 

94.2 

364,7 

10.9 

31.3 

167.3 

5.4 

13.8 

8  2.4 

0.9 

14.8 

0.3 

2.1 

209.4 

327.7 

903.8 

Airspeed 

-  Knots 

60 

80 

100 

162.0 

211.5 

242. b 

22.4 

82.3 

372.0 

7.2 

23.2 

144.3 

2.5 

3.7 

48.2 

O.b 

10.4 

194.2 

326.3 

617.7 

Gross  Weight 

14, 000  to  1 5,  000  lb 


120 

140 

TOTAL 

318.1 

1270.3 

1016.4 

0.1 

1537.2 

408.2 

649.5 

91.8 

195.0 

14.9 

30.6 

2.4 

1849.4 

0.1 

3685.2 

Gross  Weight 

15, 

000  to  16,  000  lb 

120 

140 

total 

312.2 

3.0 

1286.5 

1025.4 

2.4 

1524.4 

416.2 

0.8 

600.7 

72.2 

133.5 

10.9 

22.6 

0. 

1837.0 

6.2 

3569.7 

34 


Table  XII  (cont'd.) 


Gross  Weight 

Altitude  Airspeed  -  Knots  16,000  to  17,000  fb 

Feet 


LESS 

50 

60 

80 

100 

120 

150 

TOTAL 

LESS 

'’9?.  1 

in.  5 

185.7 

215.6 

197.0 

207.0 

0.6 

1217.1 

500 

5  #  1 

6.1 

30.8 

88.9 

368.3 

748.8 

5.6 

1252.7 

1000 

2.9 

5.2 

26.9 

31.0 

121.5 

294.2 

580.6 

1500 

0.6 

1.1 

5.2 

31.8 

52.0 

0.2 

89.9 

2000 

0.2 

0.5 

15.9 

5.9 

20.5 

2500 

0.5 

2.6 

2.9 

5.9 

TOTAL 

206.3 

125.6 

253.9 

352.8 

7  ?6. 5 

1306.9 

5.6 

3066.7 

Gross  Weight 

Altitude 

Air 

speed  - 

Knots 

17.  000  to 

18, 000  lb 

F  eet 

LESS 

50 

60 

HO 

iC:n 

120 

150 

TOTAL 

LESS 

20  1.4 

lOl.e 

183.5 

191.  j 

197.7 

159.7 

1.1 

1036.5 

5  00 

0.8 

3.6 

2  7.5 

117.5 

519.5 

716.1 

0.1 

1285.0 

1000 

n.  5 

2  •  0 

2  5.7 

210.7 

34_*.  7 

6  80,5 

1500 

2.1 

58.5 

68.5 

119.1 

2000 

0.6 

7.9 

1.6 

10.2 

2  500 

0. 

TOTAL 

20?#2 

165.  1 

212.9 

336.  1 

694.3 

12  76.6 

1.2 

3031.  1 

Gross  Wr 

:«ht 

Altitude 

Airspeed  • 

-  Knots 

18, 000  to 

i 5,  000  ib 

Feet 

LESS 

4  V, 

*>c 

60 

IOC 

120 

150 

total 

LESS 

*6.6 

57.  « 

£6.1 

95.3 

9  7.9 

65.5 

470.2 

50C 

1.5 

•> 

I  ^ 

1  6  •  1 

t-  3  •  6 

269.6 

26 1 . 2 

.618.9 

1000 

0.5 

2.3 

15.6 

157.2 

2  22.3 

397.4 

1500 

0.2 

2.2 

29.2 

22. r> 

55.6 

2000 

15.6 

3.0 

18.8 

2500 

0. 

total 

08.1 

1  •  t  ) 

106.7 

i 75 , 6 

c  6  1 . 6 

569.4 

0. 

15  59.9 

Table  XIII 


Flight  Time  (Minutes)  Spent  at  Altitude  Ranges 
versus  Airspeed 


Altitude 

Airspeed  - 

Knots 

Feet 

LESS 

4  u 

60 

80 

100 

120 

150 

TOTAL 

LESS 

1563.3 

587.6 

954.6 

1  110.3 

1195.7 

1312.6 

•  6.8 

6729.0 

500 

41.4 

33.2 

175.9 

t.  2  6 »  3 

2280.8 

5532.5 

7.5 

7701.7 

1000 

19.  3 

15.9 

76.6 

201.0 

K  lb.  5 

2085.9 

2.0 

3519. 3 

1500 

0.9 

5.< 

21.5 

51.0 

305.8 

398.5 

0.2 

783.0 

2000 

1.2 

0.5 

3.5 

18.5 

113.5 

6d.  5 

205.6 

2500 

0.3 

0.9 

6.5 

35.5 

55.6 

15.3 

102.9 

TOTAL 

1626.5 

643. 3 

1237.3 

2052.5 

5  95  d  •  1 

8513.2 

15.5 

l 9951.5 
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Table  XIV 


Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus  Rotor 
RPM  by  Altitude  Ranges  -nd  Outside  Air  Temperature  Ranges 


Percent 

.  Rotor  RPM 

Torque 

LESS 

231 

242 

253 

264 

275 

0 

0.2 

10 

1.0 

1.8 

20 

4.9 

6.3 

30 

7.6 

2.9 

40 

9.1 

3.3 

50 

30.1 

9.6 

60 

15.1 

9.9 

70 

7.2 

2.1 

80 

0.7 

0.1 

90 

100 

TOTAL 

0. 

0. 

0. 

76.0 

36.2 

0. 

Percent 

! 

Rotor  RPM 

Torque 

LESS 

231 

242 

253 

264 

275 

0 

0.4 

3.3 

0.7 

10 

5.2 

50.1 

0.2 

20 

0.3 

43.0 

9S.8 

0.4 

30 

0.6 

75.2 

81.5 

1.4 

40 

0.1 

1.1 

90.4 

75.2 

2.5 

50 

0.1 

2.5 

149.5 

99.3 

3.6 

60 

1.4 

251.9 

144.5 

1.9 

70 

0.1 

1.0 

169.7 

48.7 

0.1 

80 

1.4 

39.0 

3.1 

90 

0.2 

1.2 

0.1 

100 

TOTAL 

0. 

0.3 

0*6 

625.6 

601.8 

10.8 

Percent 

Rotor  RPM 

Torque 

LESS 

2)1 

242 

253 

264 

2  75 

0 

0.4 

8.8 

1.9 

10 

0.2 

18.5 

56.5 

1.3 

20 

1.5 

100.7 

114.4 

1.6 

30 

0.2 

3.1 

153.8 

87.2 

1.6 

40 

1.4 

9.2 

203.8 

72.5 

4.3 

50 

0.3 

0.4 

8.1 

238.1 

88.6 

4.2 

60 

0.0 

4.2 

393.6 

53.6 

0.3 

70 

6.0 

257.8 

26.5 

0.3 

80 

0.7 

41.4 

2.4 

90 

1.5 

100 

TOTAL 

0.3 

2.2 

32.9 

1409.9 

510.7 

15.6 

Percent 

Rotor  RPM 

Torque 

LESS 

231 

242 

253 

264 

275 

0 

1.9 

8.6 

0.5 

10 

31.8 

52.7 

1.5 

20 

0.0 

0.8 

113.2 

77.4 

0.8 

30 

0.1 

1.1 

135.5 

57.3 

0.2 

40 

0.1 

0.3 

2.4 

160.3 

58.1 

0.4 

50 

1.5 

200.5 

37.5 

1.4 

60 

2.6 

439.8 

43.0 

1.2 

70 

2.9 

279.8 

19.3 

0.5 

80 

1.3 

28.1 

1.5 

90 

0.0 

100 

ICTAL 

0.1 

0.4 

12.7 

1 391.0 

355.6 

6.5 

Temperature  0-20°  F 
Altitude  0-500  ft. 

266  297  TOTAL 

0.2 
2.8 
11.) 

10.5 
12.  A 
39.7 
25.0 

9.4 

o.a 

o. 

o. 

0.  0.  112.2 

Temperature  20-40°  F 
Altitude  0-500  ft 

286  297  TOTAL 

0,0  4.4 

55.4 

139.4 
158.8 

169.5 
255.1 
399.7 

219.6 

43.5 

1.5 

0. 


0.0 

0. 

1447.3 

Temperature  40-60°  F 

Altitude  0 

-500  ft 

286 

297 

total 

0.5 

0.2 

11.8 
76. 6 
218.2 

0.4 

246.5 
291.2 

339.8 

451.8 

290.6 

44.5 

1.5 

0. 

0.9 

0.2 

1972.8 

Temperature  60-80°  F 

Altitude  C* 

500  ft 

2  86 

297 

TOTAL 

0.2 

11.2 

0.1 

0.1 

86.2 

192.3 

194.3 

221.7 

0.1  241.0 

486.6 
302.5 
30.9 
0.0 
0. 

0.4  0.1  1767.0 
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Table  XIV  (cont'd.) 


Percent 

Temperature  80-100''  F 

Rotor  RPM 

Altitude  0-500  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.6 

0.8 

1.4 

10 

0.2 

5.9 

8.2 

0.2 

14.6 

20 

0.0 

0.1 

18.2 

13.2 

31.7 

30 

1.0 

0.2 

31.3 

9.4 

41.9 

40 

15.5 

0.3 

31.9 

6.3 

54.1 

50 

0.2 

0.6 

1.1 

32.6 

5.6 

40.2 

60 

0.7 

0.4 

73.3 

4.3 

78.8 

70 

0.6 

42.6 

0.9 

44.2 

80 

0.0 

0.6 

8.4 

9.1 

90 

0. 

100 

O. 

TOTAL 

0.2 

18.3 

3.4 

245.0 

48.9 

0.2 

0.  0.  316.1 

Temperature  0-20°  F 

Percent 

Rotor  RPM 

Altitude  500-1000  ft. 

Torque 

LfcSS 

PH 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0.3 

0.3 

0.6 

20 

1.4 

1.1 

2.5 

30 

0.1 

0.9 

0.8 

1.8 

40 

2.9 

3.3 

6.2 

50 

32.5 

9.0 

41.5 

60 

25.9 

13.4 

39.4 

70 

1.4 

0.5 

1.9 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0.1 

65.3 

28.4 

0. 

O' 

• 

o* 

• 

o 

• 

© 

Temperature  20-40°  F 

Percent 

Rotor  RPM 

Altitude  500-1000  ft. 

Torque 

LfcSS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.1 

0.1 

10 

0.5 

4.5 

0.1 

5.1 

20 

9.8 

19.9 

29.7 

30 

18.5 

23.0 

0.9 

42.5 

40 

0.4 

51.6 

38.1 

0.2 

90.3 

50 

1.5 

154.2 

135.4 

0.2 

291.3 

60 

1.6 

654. 1 

315.2 

0.2 

971.1 

70 

0.4 

201.3 

37.2 

238.9 

80 

12.7 

1.4 

14.2 

90 

0.0 

u.O 

100 

0. 

TOTAL 

0. 

0. 

3.8 

1103.0 

575.0 

1.6 

0.  0.  1683.4 

Percent 

Temperature  40-60°  fc 

Rotor  RPM 

Altitude  500-1000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297,  TOTAL 

0 

0.4 

1.9 

0.7 

0.1  0.0  3.2 

10 

2.9 

9.1 

0.2 

12.1 

20 

0.1 

13.8 

17.0 

30.9 

30 

0.7 

40.3 

27.3 

68.4 

40 

0.4 

8.6 

110.1 

43.1 

0.2 

162.5 

50 

0.5 

1.6 

369.3 

112.6 

1.1 

485.1 

60 

3.4 

897.9 

134.6 

1035.9 

70 

8.0 

207.5 

41.5 

257.0 

80 

0.6 

6.9 

0.7 

8.2 

90 

0. 

100 

0. 

TOTAL 

0. 

0.9 

23.1 

1649.2 

387.8 

2.2 

0.1  0.0  2063.4 
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Table  XIV  (cont'd.) 


Temperature  60-80°  F 


Percent 

Rotor  RPM 

Altitude  500-1000  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.3 

1.4 

0.3 

2.0 

10 

3.2 

7.8 

0.8 

11.8 

20 

14.2 

20.7 

35.0 

30 

2.1 

33.5 

30.8 

66.4 

40 

2.6 

106.7 

53.4 

0.1 

162.9 

SO 

227.1 

75.4 

302.5 

60 

3.7 

991.5 

169.2 

1164.4 

TO 

155.1 

28.9 

184.0 

80 

2.8 

0.8 

3.6 

90 

0.2 

0.2 

100 

0. 

TOTAL 

0. 

0. 

8.4 

1534.8 

388.4 

1.2 

0.  0.  1932.9 

• 

Temperature  80-100°  F 

Percent 

Rotor  RPM 

Altitude  500-1000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.2 

0.2 

10 

1.3 

1.6 

0.2 

3.1 

20 

2.5 

3.6 

6.2 

30 

0.6 

6.4 

4.5 

11.6 

40 

0.3 

10.6 

5.7 

16.7 

50 

41.0 

13.8 

54.9 

60 

0.1 

142.2 

21.3 

163.7 

70 

37.3 

1.9 

39.2 

80 

0.1 

1.1 

1.2 

90 

0. 

100 

0. 

10TAL 

0. 

0. 

1.1 

242.7 

52.8 

0.2 

0.  0.  296.8 

Percent 

Temperature  0-20°  F 

Rotor  RPM 

Altitude  1000-1500  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0. 

20 

0.4 

0.4 

30 

1.1 

1.1 

40 

1.4 

1.5 

2.9 

50 

11.3 

4.3 

15.6 

60 

9.6 

3.3 

12.9 

70 

0.1 

0.1 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0. 

23.8 

9.2 

0. 

0.  0.  33.0 

Temperature  20-40°  F 

Percent 

Rotor  RPM 

Altitude  1000-1500  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0.3 

0.4 

0.7 

20 

0.1 

0.9 

3.8 

4.7 

30 

0.1 

3.7 

8.0 

0.1 

11.9 

40 

0.2 

15.8 

11.4 

27.5 

50 

0.6 

90.9 

35.1 

126.6 

60 

2.9 

252.7 

109.6 

365.2 

70 

0.9 

82.9 

11.8 

95.6 

80 

2.2 

0.4 

2.6 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

4.7 

449.5 

180.6 

0.1 

0.  0.  634.9 
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Table  XIV  (cont'd.) 


Percent 

Torque 


Rotor  RPM 


Temperature  40-60°  F 
Altitude  1000-1500  ft. 


LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.2 

0.6 

0.3 

1.3 

10 

1.6 

2.6 

0.1 

0.0  4.5 

20 

2.1 

9.0 

11.1 

30 

0.1 

0.5 

14.4 

la. 5 

33.5 

40 

0.5 

2.* 

41.3 

49.9 

94.6 

50 

1.0 

143.2 

4B.  1 

193.1 

60 

4.3 

461.4 

77.3 

543. 1 

70 

2.6 

7a. 0 

5.1 

85.7 

ao 

0.3 

4.2 

4.5 

90 

0. 

100 

0. 

TOTAL 

0. 

<>.6 

12.4 

746.5 

211.6 

0.4 

0.0  0.  971.6 

Temperature  60-80°  F 

Percent 

Rotor 

RPM 

Altitude  1000-1500  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

266  297  TOTAL 

0 

0. 

10 

0.  1 

0.9 

20 

0.  o 

1.9 

2.5 

30 

1.2 

4  .  « 

5.2 

11.2 

40 

•>.  t 

1.0 

1  7.4 

/  0  .  L 

40.6 

50 

0.1 

0.4 

66.  * 

36. a 

103.6 

60 

0.  1 

r'  7  6  a  0 

126.0 

402.  1 

70 

4  J.6 

6.1 

48.  7 

80 

1.2 

0.2 

90 

0. 

100 

0. 

TOTAL 

0. 

0.1 

2.6 

411.1 

196.2 

0. 

0.  0.  610.0 

Temperature  80-100°  F 

Percent 

Rotor  RPM 

Altitude  1000-1500  ft 

Torque 

LLS  > 

231 

24^ 

25» 

264 

2  75 

286  297  TOTAL 

0 

0.  1 

n.l 

0.1 

10 

0.1 

0.2 

0.  3 

20 

1.  1 

0.6 

1.6 

30 

0.4 

3.1 

0.  3 

3.6 

40 

3.0 

2.3 

6.2 

50 

0.2 

14.6 

5.9 

20.7 

60 

0.4 

62.5 

27.1 

90.0 

70 

10.1 

0.9 

11. 0 

ao 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0.2 

0.6 

05.4 

37.4 

0. 

0.  0.  133. u 

Temperature  0-20°  F 

Percent 

Rotor  RPM 

Altitude  1500-2000  ft 

Torque 

less 

231 

242 

253 

264 

2  75 

286  297  TOTAL 

0 

0. 

10 

0. 

20 

0. 

30 

0. 

40 

0.6 

o.a 

50 

0.1 

0.1 

60 

0. 

70 

0.2 

0.2 

ao 

0. 

00 

0. 

too 

0. 

TOTAL 

0. 

0. 

0. 

0.6 

0.3 

0. 

O 

• 

o 

• 

• 
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Table  XIV  (cont'd.) 


Temperature  20-40°  F 


Percent 

Rotor  RPM 

|  Altitude  1500-2000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.3 

0.3 

10 

0. 

20 

0.1 

0.1 

30 

0.2 

1-6 

0.2 

2.0 

40 

0.2 

6.3 

3.6 

0.4 

10.6 

30 

0.5 

40.4 

13.7 

54.6 

60 

64.8 

22.4 

87.2 

70 

16.1 

0.5 

16.6 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0.7 

127.9 

42.2 

0.6 

0.  0.  171.4 

Temperature  40-60°  F 

Percent 

Rotor  RPM 

Altitude  1500-2000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

* 

0.2 

0.6 

0.8 

10 

0.8 

0.9 

0.3 

2.0 

20 

1.1 

2.6 

3.7 

30 

4.9 

5.3 

10.2 

40 

0.1 

15.1 

12.4 

27.6 

50 

0.7 

36.4 

25.6 

62.8 

60 

3.1 

70.9 

27.7 

101.7 

70 

1.7 

17.1 

1.4 

20.2 

80 

2.5 

0.2 

2.7 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

5.6 

148.8 

76.4 

0.9 

0.  0.  231.7 

Percent 

Temperature  60-80°  F 

Rotor  RPM 

Altitude  1500-2000  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0.1 

0.1 

20 

1.2 

1.2 

30 

0.2 

0.5 

0.9 

1.7 

40 

0.1 

0.3 

5.3 

11.2 

17.0 

50 

16.4 

13.7 

30.2 

60 

0.1 

45.0 

19.6 

65.0 

70 

4.6 

1.0 

5.6 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0.1 

0.6 

72.0 

48.1 

0. 

0.  0.  120.6 

Temperature  80-100°  F 

Percent 

Rotor  RPM 

Altitude  1500-2000  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.1 

0.1 

0.1  0.3 

10 

0. 

20 

0.2 

0.2 

30 

0.7 

0.1 

0.8 

40 

3.3 

0.6 

3.9 

50 

0.5 

2.5 

0.8 

3.8 

60 

7.4 

2.8 

10.2 

70 

0. 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0.5 

13.9 

4.6 

0.1 

0.1  0.  19.2 
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Table  XIV  (cont'd.) 


Percent 

Torque 

0 

10 

20 

30 


LESS 


231 


242 


Rotor  RPM 
253  264 


Temperature  0-20°  F 
Altitude  2000- 2500  ft. 


275 


286 


297 


TOTAL 

0. 

0. 

0. 

0. 


40 

0.6 

0.1 

0.7 

50 

0.1 

0.1 

60 

0. 

70 

0.2 

0.2 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0. 

0.7 

0.3 

0. 

O 

• 

• 

O 

• 

o 

Temperature  20-40°  F 

Percent 

Rotor  RPM 

Altitude  2000-2500  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.3 

0.3 

10 

0. 

20 

0. 

30 

0. 

40 

1.4 

0.9 

2.3 

50 

0.3 

8.7 

2.0 

11.0 

60 

0.1 

0.8 

0.9 

1.8 

70 

0.4 

0.4 

80 

0. 

90 

0. 

100 

0. 

total 

0. 

0.1 

0.3 

11.3 

4.1 

0. 

0.  0.  15.6 

Temperature  40-60°  F 

Percent 

• 

Rotor  RPM 

Altitude  2000-2500  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.7 

0.1 

0.6 

10 

0.1 

0.5 

1.1 

1.7 

20 

0.8 

1.0 

1.6 

30 

0.1 

1.4 

1.9 

3.4 

40 

1.6 

10.7 

5.2 

17.6 

50 

0.4 

28.6 

18.7 

47.7 

60 

0.1 

29.1 

17.8 

47.0 

70 

5.0 

0.9 

6.0 

80 

0.6 

0.2 

0.8 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

2.5 

76.7 

47.4 

0.1 

0.  0.  126.6 

Temperatur-  60-80°  F 

Percent 

Rotor  RPM 

Mtitude  2000-2500  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0. 

20 

0. 

30 

0.6 

0.6 

40 

0.1 

0.1 

50 

0.3 

0.3 

60 

1.6 

3.9 

5.5 

70 

0.3 

0.3 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0. 

1.6 

5.2 

0.  0.  6.6 
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Table  XIV  (cont'd.) 


Percent 

Temperature  80-100°  F 

Rotor  RPM 

Altitude  2000- 25C0  ft. 

Torque 

LESS 

231 

24  2 

253 

264 

275 

286  297  TOTAL 

0 

0.0 

0.1 

0.1 

10 

0.0 

0.1 

0.1 

20 

0.1 

0.1 

30 

0.1 

0.1 

*0 

0.9 

0.9 

50 

0.7 

1.2 

1.4 

3.3 

60 

1.8 

1.3 

3.1 

70 

0. 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0.7 

4.0 

2.9 

0.1 

0.  0.  7.8 

Percent 

Temperature  0-20*F 

Rotor  RPM 

Altitude  2500-3000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0. 

20 

0. 

30 

0.4 

0.4 

40 

2.5 

0.5 

0.1 

3.1 

50 

1.8 

0.2 

0.1 

2.1 

60 

0.3 

0.  3 

70 

0. 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

1.8 

2.7 

1.3 

0.1 

0.  0.  5.9 

Temperature  20-40*F 

Percent 

Rotor  RPM 

Altitude  2500-3000  it 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.6 

0.6 

10 

0.2 

0.8 

1.0 

20 

0.4 

0.5 

0.9 

30 

0.2 

o.e 

0.8 

0.7 

2.6 

40 

0.1 

0.1 

50 

0.0 

0.0 

60 

0.1 

0.1 

70 

0.7 

0.7 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0.2 

0.8 

2.5 

2.6 

0. 

0.  0.  6.1 

Temperature  40-60°F 

Percent 

Rotor  RPM 

Altitude  2500-3000  ft. 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297  T0T  AL 

0 

0.1 

0.2 

0.0  0.3 

10 

0.1 

0.8 

0.4 

1.3 

20 

1.2 

3.0 

4.1 

30 

0.0 

4.8 

8.9 

13.8 

40 

5.4 

5.9 

8.9 

20.2 

50 

1.2 

5.3 

5.9 

12.4 

60 

8.8 

1.9 

10.8 

70 

10.0 

0.6 

10.6 

80 

0.6 

0.1 

0.7 

90 

0. 

100  • 

0. 

TOTAL 

0. 

0. 

6.8 

37.5 

29.9 

0.2 

0.0  0.  74.4 
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Table  XV 


Flight  Time  (Minutes)  Spent  in  Torque  Ranges 
versus  Rotor  RPM  by  Altitude  Ranges 


Percent 

Rotor  RPM 

Altitude  0-500  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286 

297 

TOTAL 

0 

3.3 

21.7 

3.1 

0.8 

0.2 

29.1 

10 

..  0.2 

0.2 

62.5 

169.4 

3.2 

0.1 

0.1 

235.7 

20 

0.1 

2.7 

280.1 

307.3 

2.8 

593.0 

30 

1.4 

5.0 

403.5 

238.4 

3.2 

0.4 

652.0 

40 

0.1 

17.4 

13.0 

495.6 

215.5 

7.3 

749.0 

50 

0.5 

1.4 

13.2 

650.8 

240.7 

9.3 

0.1 

916.0 

60 

0.7 

8.7 

1173.8 

255.3 

3.4 

1442.0 

TO 

0.1 

10.5 

757.2 

97.6 

0.8 

866.3 

80 

0.0 

4.0 

117.7 

7.1 

128.9 

90 

0.2 

2.8 

0.  1 

3.1 

100 

0. 

TOTAL 

0.6 

21.  i 

57.7 

3947.5 

1553.3 

33.2 

1.4 

0.2 

5615.4 

Percent  | 

1 

Rotor  RPM 

Altitude  500 

-1000  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286 

29T 

TOTAL 

0 

0.7 

3.6 

1.0 

0.1 

0.0 

5.5 

10 

8.2 

23.2 

1.3 

32.7 

20 

0.1 

«1.8 

62.4 

104.3 

30 

3.5 

99.7 

86.5 

0.9 

190.7 

40 

0.4 

11.9 

282.0 

143.6 

0.5 

438.5 

50 

0.5 

3.0 

824.2 

346.3 

1.3 

1175.4 

60 

8.8 

2711.8 

653.8 

0.2 

3374.6 

70 

8.4 

602.7 

110.0 

721.1 

80 

0.7 

23.5 

2.9 

27.2 

90 

0.2 

0.2 

100 

0. 

I0TAL 

0. 

0.9 

36.5 

4595.1 

1432.5 

5.1 

0.1 

0.0 

6070.4 

Percent 

Rotor  RPM 

Altitude 

1000-1500  ft 

Torque 

LESS 

231 

242 

253 

;  64 

275 

286 

297  TOTAL 

0 

0.2 

0.9 

0.3 

1.4 

10 

2.0 

4.3 

0.1 

0.0 

6.4 

20 

0.1 

5.1 

15.2 

20.3 

30 

0.1 

2.1 

27.2 

32,1 

0.1 

61.6 

40 

0.6 

4.1 

81.8 

85.5 

171.9 

50 

0.3 

2.8 

326.4 

130.2 

459.7 

60 

7.7 

1062.3 

3'.  2. 4 

1413.4 

70 

3.5 

214.7 

23,0 

241.2 

80 

0.3 

6.6 

•7.4 

7.3 

90 

0. 

100 

0. 

TOTAL 

0. 

0.9 

20.5 

1726.4 

635.0 

0.4 

0.0 

0.  2383.4 
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Table  XV  (cont'd. 

) 

Percent 

Rotor  RPM 

Altitude  1500- 

2000  ft 

Torque 

LESS 

231 

242 

2S3 

264 

275 

286  297 

TOTAL 

0 

0.6 

0.7 

0.1 

1.4 

10 

0.8 

1.1 

0.3 

2.2 

20 

1.2 

3.9 

5.1 

30 

0.2 

6.4 

7.9 

0.2 

16.7 

40 

0.1 

0.6 

30.8 

27.9 

0.4 

59.7 

50 

l.T 

95.8 

54.0 

151.5 

60 

3.2 

188.1 

72.8 

264.1 

TO 

1.7 

37.9 

3.1 

42.7 

80 

2.5 

0.2 

2.7 

90 

0. 

100 

0. 

TOTAL  0. 

0.1 

7.4 

363.5 

171.6 

1.6 

0.1  0. 

544.3 

Percent 

Rotor  RPM 

Altitude  2000-2500  it 

Torque 

LtSS 

231 

242 

25  i 

264 

275 

286  297  TOTAL 

0 

1.0 

0.2 

1.3 

10 

0.1 

0.6 

1.2 

1.9 

20 

0.8 

1.1 

1.9 

30 

0.1 

1.5 

2.5 

4.1 

40 

1.6 

13.6  . 

6.2 

21.6 

50 

1.4 

38.6 

22.4 

62.4 

60 

0.1 

0.1 

33.3 

23.9 

57.4 

70 

5.4 

1.4 

6.  8 

(tO 

0.6 

0.2 

o.e 

90 

0. 

100 

c. 

10TAL 

0. 

0.1 

3.5 

94.4 

59.9 

0.2 

0.  0.  158.2 

Percent 

Rotor  RPM 

Altitude  2500- 

3000  ft 

Torque 

LESS 

231 

242 

253 

264 

275 

286  297 

TOTAL 

0 

0.7 

0.,’ 

0.0 

0.9 

10 

0.1 

1.0 

1.2 

2.  3 

20 

1.6 

3.  * 

5.0 

30 

0.2 

0.9 

5.6 

10. 0 

16.6 

40 

5.4 

8.  5 

9.4 

0.1 

23.5 

50 

3.0 

5.5 

6.0 

14.6 

60 

9.0 

2.2 

11.2 

70 

10.7 

0.6 

11.3 

80 

0.6 

0.1 

0.7 

90 

0. 

100 

0. 

TOTAL  0. 

0.2 

9.4 

42.6 

33.8 

0.3 

0.0  0. 

86.4 

II 
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Table  XVI 


Flight  Time  (Minutes)  Spent  in  Torque  Ranges  versus  Rotor 
RPM  by  Airspeed  Ranges  and  Mission  Segments 


Percent  j 


Torque 

LESS 

231 

0 

10 

20 

30 

40 

0.1 

50 

0.1 

60 

70 

80 

0.0 

90 

100 

total 

0.1 

0.2 

Percent 

Torque 

LESS 

231 

0 

10 

20 

30 

40 

0.1 

0.J 

50 

0.1 

0.2 

60 

0.0 

70 

0.1 

80 

90 

100 

TOTAL 

0.2 

0.7 

Percent 

Torque 

LESS 

231 

0 

10 

20 

30 

0.2 

40 

50 

0.1 

60 

70 

80 

90 

100 

TOTAL 

0. 

0.4 

Percent 

Torque 

LESS 

231 

0 

10 

20 

30 

40 

50 

0.3 

60 

70 

80 

90 

100 

TOTAL 

0. 

0.3 

Rotor  RPM 


242 

253 

264 

275 

o.« 

0.5 

0.1 

13.1 

6.1 

0.5 

0.3 

35.2 

a.4 

0.8 

1.8 

45.3 

11.0 

3.5 

1.4 

57.7 

18.8 

4.7 

2.2 

65.7 

11.6 

1.7 

1.8 

55.6 

4.3 

0.2 

0.7 

14.2 

1.1 

0.1 

8.5 

287.9 

61.8 

11.3 

Rotor  RPM 


242 

253 

264 

275 

0.1 

0.2 

0.2 

0.2 

2.1 

0.7 

0.1 

0.5 

8.0 

3.1 

0.6 

34.9 

7.2 

0.4 

1.9 

82.1 

7.0 

0.2 

1.5 

21.4 

1.5 

0.1 

0.7 

0.1 

4.8 

149.5 

19.9 

0.7 

Roto8  RPM 

242 

253 

264 

275 

0.2 

0.1 

0.0 

0.4 

1.5 

1.0 

0.1 

3.6 

3.1 

0.8 

12.9 

7.2 

0.2 

1.0 

73.8 

17.3 

0.6 

3.6 

189.8 

21.1 

0.5 

1.4 

43.5 

2.7 

1.1 

7.3 

326,4 

52.7 

1.4 

Rotor  RPM 


242 

253 

264 

275 

0.1 

0.3 

0.5 

2.2 

0.8 

1.2 

6.7 

3.4 

0.1 

1.1 

19.6 

11.7 

1.4 

182.7 

41.3 

0.4 

3.3 

317.8 

48.8 

0.2 

41.6 

3.4 

0.1 

0.4 

0.0 

7.8 

571.1 

109.9 

0.5 

Airspeed  0-40  Knots 
Miesion  Segment  Aecent 

216  297  TOTAL 

0. 
1.2 
19.9 
44.7 
61.4 
•2.7 
•1.3 
62.0 
16.1 
0.1 
0. 

0.  0.  369.9 

Airspeed  40-60  Knots 
Mission  Segment  Ascent 

286  297  TOTAL 

0. 

0. 
0.1 
0.4 
3.  5 
12.0 

43.1 

91.3 

24.4 
0.9 
0. 

0.  0.  175.7 

Airspeed  60-80  Knots 
Mission  Segment  Ascent 

286  297  TOTAL 

0. 
0.2 
0.2 
3.2 
6.8 

21.1 

92.9 

215.0 
47.6 
1.1 
0. 

0.  0.  388.2 

Airspeed  80-100  Knots 
Mission  Segment  Ascent 

286  297  TOTAL 

0. 
0.1 
0.3 
3.5 

11.5 

0.1  32.8 

225.8 
370.0 
45.2 
0.6 
0. 

0.1  0.  689.7 
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Table  XVI  (cont'd.) 


Percent 


Torque 

LESS 

Rotor  RPM 

231 

242 

253 

264 

0 

10 

20 

0.1 

30 

0.4 

0.6 

40 

0.3 

4.9 

1.9 

50 

0.3 

23.0 

11.4 

60 

* 

1.5 

239.6 

64.5 

70 

2.2 

210.6 

38.6 

80 

16.5 

1.2 

90 

0.2 

100 

TOTAL 

0. 

0. 

4.4 

495.3 

118.4 

Percent 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

0 

10 

20 

30 

0.3 

40 

0.2 

0.3 

50 

0.3 

3.2 

2.4 

60 

0.3 

53.5 

21.0 

70 

1.2 

37.0 

5.7 

80 

0.3 

1.9 

90 

100 

TOTAL 

0. 

0. 

2.1 

95.8 

29.7 

Percent 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

0 

10 

0.0 

20 

0.0 

0.2 

30 

0.7 

0.7 

40 

1.3 

2.2 

50 

0.8 

1.1 

60 

0.7 

0.6 

70 

0.1 

80 

0.0 

90 

100 

TOTAL 

0. 

0. 

0. 

3.6 

4.9 

Percent 

Torque 

LESS 

Rotor  RPM 

231 

242 

253 

264 

0 

0.1 

10 

0.2 

20 

0.1 

0.6 

30 

1.8 

4.2 

40 

0.4 

0.3 

2.9 

4.0 

50 

2.0 

1.2 

60 

0.2 

0.1 

0.3 

70 

0.1 

1.4 

eo 

90 

100 

total  0.  0.4  0.6  a. 2  10.7 


Airapeed  100-120  Knot* 
Million  Segment  Aacent 

275  266  297  TOTAL 

0. 

0. 

0.1 

1.0 

7.1 

34.8 
305.6 
251.5 

17.7 
0.2 
0. 

0.  0.  0.  61 6.1 

Airspeed  120-140  Knots 
Mission  Segment  Ascent 

275  286  297  TOTAL 

0. 

0. 

0. 

0.3 

0.5 

5.8 

74.8 
44.0 

2.2 

0. 

0. 

0.  0.  0.  127.6 

Airspeed  0-40  Knots 
Mission  Segment  Cruise 

275  266  297  TOTAL 

0. 

0.0 

0.3 

1.4 

0.1  3.6 

1.9 

1.3 
0.1 
0.0 
0. 

0. 

0. 1  0.  0.  6. 6 

Airspeed  40-60  Knots 
Mission  Segment  Cruise 

275  266  297  TOTAL 

0.1 

0.2 

0.0  0.8 

6.0 

7.6 

3.2 

0.7 

1.4 
0. 

0. 

0. 

0.0  0.  0.  19.9 


r 

i 

f 

r 

i 

i 

i 

i 

i 
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Table  XVI  (cont'd. ) 


Airspeed  60-80  Knots 


Percent 

■ 

Mission  Segment  Cruise 

Torque 

Rotor  RPM 

' 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0.0 

0.0 

10 

0.1 

1.0 

1.1 

20 

0.1 

0.3 

4.0 

0.? 

4.  * 

30 

0.3 

11.4 

15.0 

26.7 

40 

0.1 

1.8 

27.9 

35.5 

0.1 

65.4 

50 

1.0 

16.8 

5.8 

0.1 

23.7 

60 

0.2 

9.7 

2.6 

12.5 

70 

0.1 

11.9 

0.6 

12.6 

80 

1.0 

1.0 

90 

0.1 

O.l 

100 

0. 

TOTAL 

0. 

0.1 

3.4 

79.3 

64.5 

0.5 

0.  O.  147.8 

Airspeed  80-100  Knots 

Percent 

Mission  Segment  Cruise 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0.6 

0.0 

0.7 

20 

0.9 

4.4 

0.2 

5.5 

30 

0.1 

3.9 

23.5 

24.0 

0.8 

52.3 

40 

0.4 

10.8 

99.3 

54.7 

0.2 

165.4 

50 

0.2 

2.6 

46.1 

24.7 

0.1 

73.6 

60 

0.1 

0.2 

84.2 

11.0 

95.5 

TO 

0.3 

57.7 

2.1 

60.1 

80 

1.8 

0.3 

2.1 

90 

0. 

100 

0. 

TOTAL 

0. 

0.9 

17.9 

313.5 

121.9 

1.4 

0.  0.  455.6 

Airspeed  100-120  Knots 

Percent 

Mission  Segment  Cruise 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

276 

286  297  TOTAL 

0 

0. 

10 

0.4 

0.4 

20 

0.1 

0.1 

3.0 

3.2 

30 

2.1 

18.6 

19.1 

0.3 

40.1 

40 

1.0 

11.0 

143.4 

78.8 

0.2 

234.4 

50 

0.2 

5.4 

445.5 

200.4 

651.6 

60 

3.7 

1010.0 

212.9 

1226.6 

70 

0.5 

194.1 

22.8 

217.4 

80 

3.4 

0.6 

4.0 

90 

0.2 

0.2 

100 

0. 

TOTAL 

0. 

i.: 

22.8 

1615.4 

538.1 

0.5 

0.  0.  2378.1 

Percent 

Airspeed  170-140  Knots 
Mission  Segment  Cruise 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286  297  TOTAL 

0 

0. 

10 

0. 

20 

0.2 

0.2 

30 

0.3 

1.2 

1.5 

3.0 

40 

0.2 

0.1 

45.3 

20.5 

66.  1 

50 

0.6 

750.6 

271.0 

1022.3 

60 

12.4 

3132.4 

9C0.1 

4044.9 

70 

7.4 

435.9 

80.' 6 

524.1 

80 

0.6 

4.5 

5.1 

90 

0. 

10C 

0. 

TOTAL 

0. 

0.2 

21.4 

4369.9 

1274.2 

0. 

0.  O.  5665.7 
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Table  XVI  (cont'd.) 


Airspeed  140-160  Knot* 


Percent 

• 

Miaaion  Segment  Cruiae 

Torqua 

Rotor  RPM 

TOTAL 

(.ESS 

231 

242 

253 

264 

275 

286  297 

0 

0. 

10 

0. 

20 

0. 

30 

0. 

40 

0. 

SO 

0. 

60 

0.2 

8.8 

9.0 

70 

3.6 

0.6 

4.2 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0.2 

12.4 

0.6 

0. 

• 

o 

• 

o 

13.2 

Airapeed  0-40  Knot* 

Parcant 

Miaaion  Segment  Deacent 

Torque 

1 

Rotor  RPM 

LESS 

231 

242 

2S3 

264 

275 

286  297 

TOTAL 

0 

0.2 

0.2 

10 

0.8 

0.9 

1.7 

20 

5.2 

5.2 

10.4 

30 

0.0 

12.0 

8.0 

0.5 

0.4 

21.0 

40 

• 

0.1 

0.4 

5.5 

5.5 

0.3 

11.8 

50 

0.6 

2.1 

0.8 

0.6 

4.1 

60 

0.1 

0.2 

o.e 

0.2 

1.3 

70 

0.0 

0.0 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0.1 

1.2 

25.9 

21.3 

1.9 

• 

o 

+ 

• 

o 

50.6 

Airapeed  40-60  Knots 

Percent 

i 

Miaaion  Segment  Deacent 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286  297 

TOTAL 

0 

0.6 

2.7 

0.8 

0.2 

4.3 

10 

11.0 

25.8 

0.7 

37.4 

20 

0.6 

54.6 

41.0 

0.1 

96.4 

30 

0.4 

44.0 

18.1 

0.2 

62.8 

40 

Ool 

10.6 

3.0 

13.8 

50 

0.2 

1.3 

1.5 

60 

0.2 

0.1 

0.3 

70 

0.1 

0.1 

60 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

1.3 

122.6 

90.7 

1.8 

0.2  0. 

216.7 

Airspeed  60-80  Knots 

Percent 

Mission  Segment  Descent 

Torqua 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286  297 

TOTAL 

0 

2.1 

12.6 

2.0 

0.5  0.2 

17.4 

10 

0.2 

30.6 

77.5 

1.5 

0.0  0.1 

109.9 

20 

0.3 

84.9 

97.1 

0.6 

182.9 

30 

0.6 

48.7 

33.4 

0.2 

82.9 

40 

0.1 

17.5 

3.5 

21.1 

50 

0.1 

2.6 

2.6 

60 

0.1 

0.1 

0.2 

70 

0. 

80 

• 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

1.3 

186  •  6 

224.1 

4.3 

0.6  0.2 

417.2 

Table  XVI  (cont'd.) 


Percent 

Torque 

Rotor 

LESS 

231 

242 

253 

0 

1.0 

10 

18.2 

20 

68.9 

30 

0.1 

67.4 

40 

0.7 

24.5 

50 

7.6 

60 

1.3 

70 

0.3 

80 

90 

100 

10TAL 

0. 

0. 

0.8 

189.4 

Percent 

Torque 

Rotor 

LESS 

231 

242 

253 

C 

10 

4.6 

20 

0.1 

38.3 

30 

0.4 

113.6 

40 

0.9 

159.8 

50 

1.4 

100.7 

60 

0.2 

19.1 

70 

0.2 

1.2 

ao 

90 

100 

TOTAL 

0. 

0. 

3.1 

437.4 

Percent 

Torque 

Rotor 

LESS 

231 

242 

253 

0 

10 

0.2 

20 

2.2 

30 

0.1 

19.6 

40 

0.5 

97.0 

50 

0.7 

275.5 

60 

0.2 

193.3 

70 

0.4 

14.1 

80 

90 

100 

TOTAL 

0. 

0. 

1.9 

601.9 

Percent 

Torque 

Rotor 

LESS 

231 

242 

253 

0 

10 

20 

30 

0.1 

40 

0.1 

50 

0.6 

60 

1.3 

70 

0.1 

60 

90 

100 

total  0. 

0. 

0. 

2.2 

Airspeed  80-100  Knots 
Mission  Segment  Descent 

RPM 

264 

275 

286  297  TOTAL 

9.8 

1.9 

0.3  12.9 

60.0 

2.0 

0.1  80.4 

118.2 

0.1 

187.3 

57.7 

125.3 

12.3 

0.2 

37.7 

2.7 

10.3 

0.4 

1.7 

0.1 

0.4 

0. 

0. 

0. 

261.3 

4.2 

0.4  0.  456.1 

Airspeed  100-120  Knots 
Mission  Segment  Descent 

RPM 

264 

275 

286  297  TOTAL 

2.2 

0.6 

2.B 

21.1 

0.6 

26.3 

71.0 

109.4 

115.7 

229.7 

106.7 

0.2 

267.6 

55.0 

157.1 

4.5 

23.7 

0.2 

1.6 

o. 

o. 

o. 

376. 4  1.4  0.  0.  818.*. 


Airspeed  120-140  Knots 
Mission  Segment  Descent 


RPM 

264 

275 

286  297 

TOTAL 

0.2 

0.2 

1.3 

1.5 

5.4 

7.6 

22.1 

41.8 

69,9 

0. 1 

167.5 

124.2 

400.4 

47.5 

241.0 

2.6 

17.2 

0. 

0. 

0. 

273.4 

0.1 

0.  0. 

877.4 

Airspeed  140-160  Knots 

RPM 

Mission  Segment  Descent 

264 

275 

286  297 

TOTAL 

0. 
0. 
0. 
0.1 
0.  1 

0.1  0.7 

0.1  1.4 

0.  1 
0. 
0. 
0. 

0.1  0.  0.  0.  2.3 
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Table  XVI  (cont'd.) 


Airepeed  0>40  Knots 

Percent 

Mission  Segment  Flare  and  Landing 

•Torque 

LESS 

231 

242 

Rotor  RPM 
253  264 

275  286  297  1 

TOTAL 

0 

0.1 

0.1 

0.0 

0.2 

10 

1.5 

2.3 

3.8 

20 

0.6 

23.5 

11.6 

35.7 

30 

0.3 

1.7 

104.0 

26.5 

132.6 

40 

w#4 

3.8 

146.7 

32.0 

0.2 

183.0 

50 

0.1 

5.0 

129.8 

11.9 

146.9 

60 

3.7 

62.9 

2.9 

69.5 

70 

1.2 

14.7 

0.1 

16.0 

80 

0.3 

1.6 

2.0 

90 

0.0 

0.0 

100 

0. 

TOTAL 

0. 

0.6 

16.3 

484.9 

87.5 

0.2  0.  0. 

589.8 

Airspeed  40-60  Knots 

Percent 

Mission  Segment  Flare  and  Landing 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275  286  297 

TOTAL 

0 

0.4 

0.7 

0.1 

1.1 

10 

5.6 

6.6 

12.2 

20 

0.1 

26.3 

11.1 

37.6 

30 

0.2 

23.4 

3.9 

2  7.4 

40 

0.2 

3.5 

0.3 

4.0 

50 

0.2 

0.2 

60 

0.1 

0.1 

0.1 

70 

0. 

80 

0. 

90 

0, 

100 

0. 

TOTAL 

0. 

0. 

0.3 

59.5 

22.6 

0.  0.  0. 1 

82.7 

Airspeed  60-80  Knots 

Percent 

Mission  Segment  Flare  and  Landing 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275  286  297 

total 

0 

0.1 

0.3 

0.4 

10 

1.3 

1.3 

2.  b 

20 

3.9 

1.7 

5.6 

30 

1.2 

1.2 

40 

0.1 

0.  1 

50 

0.2 

0.2 

60 

0. 

70 

0. 

60 

0. 

90 

0. 

100 

0. 

TOTAL 

0. 

0. 

0. 

6.9 

3.4 

o 

• 

o 

• 

o 

• 

10.3 

Airspeed  0-40  Knots 

Percent 

Mission  Segment  Hover 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275  286  297 

TOTAL 

0 

0. 

10 

0.2 

0.2 

0.3 

0.4 

1.1 

20 

0.1 

0.9 

7.8 

11.7 

1.0 

21.5 

30 

1.1 

0.4 

13.2 

16.0 

1.6 

32.4 

40 

15.6 

2.4 

64.0 

38.7 

3.0 

123.8 

50 

0.3 

0.9 

3.3 

34.5 

46.2 

4.8 

89.9 

60 

0.7 

0.2 

3.5 

4.6 

0.3 

9.3 

70 

0.2 

0.2 

80 

0. 

90 

0. 

100 

0. 

TOTAL 

0.3 

18.6 

7.4 

123.4 

117.7 

10.6  0.  0. 

278.1 
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Table  XVII 


Flight  Time  (Minutes)  Spent  in  Torque  Ranges 
versus  Rotor  RPM  by  Mission  Segment 


Percent 

Torque 


LESS 


231 


242 


Rotor  RPM 
253  264 


Mission  Segment  Ascent 


275 


286 


297 


TOTAL 

0. 


10 

0.8 

0.7 

1.5 

20 

0.1 

13.3 

6.7 

0.5 

20.6 

30 

0.2 

1.2 

39.4 

11.3 

0.8 

53.0 

40 

0.1 

0.4 

3.5 

62.8 

20.5 

3.7 

91.0 

50 

0.2 

0.7 

4.4 

124.4 

54.6 

4.9 

0.1 

189.3 

60 

0.0 

7.1 

650.4 

162.9 

3.1 

823.6 

70 

0.1 

14.1 

693.1 

125.6 

0.3 

1033.8 

80 

O.C 

4.1 

139.1 

10. 0 

153.3 

90 

0.2 

2.7 

0.1 

3.0 

100 

0. 

TOTAL 

0.3 

1.5 

34.  e 

1926.1 

392.6 

13. e 

0.1 

0. 

2369.3 

Percent 

Mission  Segment  Cruise 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286 

297 

total 

0 

0.1 

O.C 

0.1 

10 

0.1 

2.3 

0.0 

2.5 

20 

0.2 

1.4 

12.4 

0.5 

14.5 

30 

0.1 

6.6 

57.1 

64.5 

1.2 

129.5 

40 

2.0 

24.1 

320.2 

195.  7 

0.6 

542.6 

50 

0.4 

9.6 

1261.8 

504.3 

0.2 

1776.4 

60 

0.1 

16.9 

4245.9 

1127.7 

5 390. 6 

m 

1  V 

8.3 

704.7 

106.9 

820.0 

80 

0.6 

10.7 

0.9 

12.5 

90 

0.4 

C.4 

100 

0. 

TOTAL 

0. 

2.7 

66.3 

6  sC2 .4 

2015.0 

2.6 

0. 

0. 

8685.9 

Percent 


80 

90 

100 

TOTAL 


0. 


0.1 


Mission  Segment  Descent 


Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

236 

297 

total 

0 

3.7 

27.4 

5.4 

1.1 

0.2 

37.6 

10 

0.2 

65.5 

166.6 

4.9 

0.2 

0.  1 

257.4 

20 

1.0 

254.3 

333.0 

0.8 

594.1 

30 

1.7 

305.5 

255.1 

0.9 

0.4 

563.6 

40 

0.1 

2.8 

515.0 

201. G 

0.3 

519.7 

50 

2.9 

390.4 

182.7 

0.6 

576.7 

60 

0.5 

215.6 

53.4 

0.2 

269.7 

70 

0.6 

15.9 

3.C 

19.6 

9.6  1566.1  1247.4 


13.6 


1.7 


0.2 


0. 

0. 

0. 

2638.8 
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Table  XVII  (cont'd.) 


Percent 

Mission  Segment  Flare  and  Landing 

Torque 

Rotor  RPM 

LESS 

231 

242 

253 

264 

275 

286  297 

TOTAL 

0 

0.5 

1.1 

0.0 

0.1 

1.7 

10 

6.4 

10.4 

18.6 

20 

0.7 

53.7 

24.4 

78.9 

30 

0.3 

1.9 

123.7 

30.4 

161.3 

40 

0.4 

4.0 

150.3 

32.3 

0.2 

137.  2 

50 

0.1 

5.0 

130.2 

11.9 

147.3 

60 

3.6 

62.9 

2.9 

69.6 

70 

1.2 

14.7 

0.1 

16.  C 

ao 

0.3 

1.6 

2.0 

90 

0.0 

0.0 

100 

0. 

total  0. 

C.3 

16.9 

551.3 

113.5 

0.2 

0.  0.1 

582.9 

Percent  Mission  Segment  Hover 


Torque  Rotor  RPM 


-  w-  ^ - 

LESS 

231 

242 

253 

264 

275 

256 

297 

TOTAL 

0 

0. 

1C 

0.2 

0.2 

0.3 

0.4 

1.1 

20 

O.i 

0.9 

7.3 

11.7 

1.0 

21.5 

30 

l.i 

0.4 

13.2 

16.0 

1.6 

32.4 

4Q 

15.6 

2.4 

64.0 

39.7 

3.0 

123.9 

50 

0.3 

0.9 

3.3 

34.5 

46.2 

4.9 

69.9 

60 

0.7 

0.2 

3.5 

4  •  i 

C.  3 

9.3 

70 

0.2 

0.2 

30 

0. 

JO 

0. 

ICO 

0. 

TOTAL 

0.3 

13.9 

7.4 

123.5 

117. 7 

10.6 

0. 

0. 

278.2 

Table  XVIII 


Flight  Time  (Minutes)  Spent  in  Altitude  Ranges  versus 
Tip  Speed  Ratio,  )l  ,  by  Gross  Weight  Ranges 


•  Qroee  Weight  ' 


Altitude 

I 

Tip  Speed  Retlo,  u  , 

1  12. 

000  to  13,000  lb 

Feet 

LESS 

0.00 

0.09 

0.10 

0.19 

0.20 

0.29 

0.30 

0.33 

TOTAL 

LESS 

2.8 

181.9 

108.9 

99.0 

94.2 

100.8 

109.2 

75.0 

0.1 

728.1 

loo 

0.1 

11. A 

4.3 

8.0 

24.4 

109.6 

231.3 

216.1 

0.1 

609.9 

iooo 

0.4 

0.8 

1.0 

22.1 

96.4 

116.9 

99.9 

1.3 

298.3 

1500 

0.2 

0.3 

1.2 

9.0 

14.6 

4T.9 

49.5 

127.7 

2000 

0.3 

0.1 

0.1 

3.2 

IT. 9 

44.0 

24.0 

89.7 

2300 

0.6 

9.9 

21.9 

2T.8 

11.9 

67.4 

TOTAL 

2.9 

194.2 

114.4 

68.0 

198.8 

326.0 

372.8 

476.1 

1.9 

1916.9 

Altitude 


Tip  Speed  Retio,  u 


Oron  Weight 
13,000  to  U.000  lb 


Feet 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

LESS 

1.1 

99.2 

72.9 

57.7 

85.2 

111.5 

141.4 

148.4 

0.6 

718.1 

900 

0.2 

2.6 

6.6 

25.2 

91.1 

302.8 

451.2 

879.9 

1000 

0.5 

1.6 

2.1 

9.6 

29.7 

119.2 

249.3 

0.1 

412.2 

1500 

0.2 

0.5 

3.0 

3.9 

22.7 

32.9 

61.2 

2000 

0.4 

0.6 

2.2 

7.0 

3.0 

13.2 

2500 

0.4 

0.4 

0.9 

14.7 

10.7 

0.1 

27.2 

TOTAL 

1.1 

99.4 

78.1 

67.4 

124.6 

253.1 

604.0 

884.9 

0.  7 

2113.9 

Altitude 

F*#t  LE5S 

IESS  0.4 

300 
1000 
1S00 
2000 
2S00 

tOTAl  0.4 


u.no 

0.05 

0.1O 

134. 7 

133.6 

109.5 

1.2 

2.8 

6.4 

5.0 

3.7 

3.6 

2.4 

140.9 

140.2 

121.9 

Tip  Speed  P.tio,  p 


0.15 

0.20 

0.25 

166.5 

189.1 

265.1 

35.9  ' 

107.8 

466.5 

12.1 

38.7 

221.0 

5.8 

15.3 

1CO.O 

0.2 

1.1 

20.3 

0.5 

1.9 

220.5 

352.5 

1074.8 

tiroes  Weight 


'  14,  000  to 

15,000  lb 

0.30 

0.35 

TOTAL 

271.2 

1270.3 

916.5 

1537.2 

365.4 

649.5 

71.3 

195.0 

9.0 

30.6 

2.4 

1633.7 

0. 

3685.2 

Altitude 

Feet 


LESS 


0.00 


0.03 


Tip  Speed  Rltiu,  fi 


0.10 


0.13 


0.20 


0.23 


Cross  Weight 
13,000  to  16,000  lb 


0.30 


0.33  TOTAL 


LESS 

0.5 

l  26.6 

120.5 

117.5 

166.7 

215.0 

267.5 

273.1 

0.9 

1288.3 

500 

7.6 

4.5 

9.9 

23.7 

93.7 

472.7 

911.0 

1.3 

1524.4 

1000 

1.3 

3.2 

5.0 

7.4 

26.6 

198.1 

358.2 

0.8 

600.7 

1500 

0.2 

1.7 

2.8 

9.6 

71.1 

48.1 

133.5 

2000 

0.4 

0.3 

0.2 

16.8 

4.9 

22.6 

2500 

0. 

TOTAL 

0.5 

135.5 

128.8 

134.4 

200.6 

34  5.1 

1026,2 

1595.4 

3.0 

3569.7 

Altitude 

Feet 

'1  ip 

Sp.-eii 

it  All.) .  p 

(jrosu  Weight 
lf>,000  to  17,000  !b 

1  CSS 

o.oo 

0.0> 

0.10 

0.15 

0.20 

0.25 

0.30  C 

1.35 

TOTAL 

1  ESS 

1.1 

169.2 

130.5 

119.2 

195.0 

211.2 

210.4 

180.1 

0.2 

1217.1 

500 

1.4 

3.9 

6.5 

34.8 

99.0 

460.6 

642.2 

4.2 

1252. T 

1000 

0.  3 

2.9 

5.1 

29.0 

30.3 

155.6 

257.3 

480.6 

1500 

0.1 

0.5 

1.1 

5.3 

37.3 

45.1 

0.4 

89.9 

2000 

0.2 

0.6 

17.8 

1.8 

20.4 

2500 

0.4 

2.6 

2.9 

■ 

5.9 

IflTAt 

1.1 

170.4 

t  <7.4 

131.5 

260.3 

349.2 

884.7 

1126.6 

4.8 

3066. 7 

53 


Table  XVIII  (cont'd.) 


A 1 , 

Tip  Speed  Ratio,  p 

G'oia  Weight 

17,000  to  18,000  lb 

. 

Less 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

It  Nb 

1.0 

99.5 

102.7 

105.3 

191.5 

190.7 

203.6 

162.1 

0.3 

1036.5 

500 

0.7 

0.6 

3.5 

30.7 

129.8 

513.2 

605.6 

1.2 

1285.0 

1000 

0.) 

2.3 

30.9 

262.7 

286.3 

580.6 

1500 

6.1 

75.9 

39.1 

119.1 

2000 

0.6 

M 

0.8 

10.2 

7500 

0. 

ior»i 

1.0 

99.6 

103.3 

109.6 

226.5 

355.7 

1066.2 

1071.8 

1.5 

7031.3 

Altitude 

Tip  Speed  Ratio,  u 

Oro.i  Weight 

18.000  to  19.000  lb 

F,e‘  LtSS 

o.co 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

rss  '».? 

61.9 

66.9 

50.2 

92.8 

92,6 

96.6 

52.9 

670.2 

*/  >*• 

9.1 

1.6 

3.3 

17.3 

70.  i. 

306.3 

219.7 

618.9 

1  *>  M 

0.9 

2.6 

11..', 

216.0 

163.7 

397.6 

0.6 

3.0 

35.6 

15.7 

56.5 

17.5 

1.3 

la.a 

?5  10 

0. 

t-lTM  i.,2 

62.0 

66.3 

56.6 

112.9 

182.6 

667.9 

667.6 

G.  1559.9 

Table  XIX 


Flight  Time  (Minutes)  Spent  in  Altitude  Ranges 
versus  Tip  Speed  Ratio, 


Altitude  TiP  SP‘*d  R»,io’ 


Fiat 

1  t  SS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

IESS 

7.3 

853.0 

716.1 

618.6 

992.1 

1110.6 

1288.0 

1163.0 

2.1 

6729.0 

500 

G.l 

22.2 

20.2 

62.6 

192.1 

701.8 

2753.5 

3962.3 

6.8 

7701.7 

10  10 

7.5 

12.2 

18.0 

85.2 

229.0 

1287.2 

17*7.8 

2.2 

3619.3 

1  500 

0.2 

0.8 

6.3 

22.1 

60.8 

390.6 

302.0 

0.6 

783.0 

2  000 

0.3 

0.9 

0.6 

6.0 

22.6 

132.3 

66.1 

205.6 

2500 

0.6 

1.0 

6.8 

39.6 

63.3 

12.0 

102.9 

Trim 

7.6 

887.2 

768.6 

687.1 

1302.3 

2166.3 

5896.8 

7262.0 

11.5 

18961.5 

Table  XX 


I 


Peak  Delta  nz  versus  Tip  Speed 
by  Mission  Segment 


Ratio,  jjl.  , 


I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

] 

] 

J 


Tip  Speed 

Ratio,  p 

Mission  Segment 

Delta  nz 

Take 

-off  and  Aacent 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

l.* 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

1 

3 

0.5 

1 

11 

2 

6 

16 

0.6 

6 

16 

30 

12 

60 

0.3 

5 

3 

15 

30 

no 

126 

22 

311 

0.2 

110 

81 

89 

262 

696 

666 

165 

2067 

-0.2 

0 

-0.3 

13 

5 

26 

130 

366 

572 

89 

1199 

-0.6 

3 

2 

5 

IT 

66 

91 

?6 

206 

-0.5 

l 

3 

10 

22 

5 

61 

-0.6 

1 

2 

6 

7 

-0.8 

1 

2 

3 

LfSS 

0 

iniu  o 

132 

92 

135 

669 

1269 

1696 

302 

0  3895 

»MN.  2.1 

250.9 

223.2 

262.0 

532.1 

962.0 

T9B.5 

123.0 

0.  3116.0 

Tip 

Speed 

Patio,  p 

Mission  Segment 

Delta  nz 

Cruise 

1555 

0.00 

0.35 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.6 

0 

1.2 

0 

l.L 

1 

1 

0.9 

1 

1 

0.  e 

1 

1 

0.7 

2 

2 

O.b 

2 

16 

8 

26 

0.5 

.  1 

l 

9 

29 

28 

68 

0.6 

1 

6 

32 

138 

195 

376 

0.3 

1 

5 

68 

133 

802 

1196 

2 

2207 

0.2 

2 

6 

23 

205 

558 

6009 

6898 

6 

11703 

-3 .; 

0 

-0.3 

6 

19 

120 

386 

3670 

5366 

7 

9576 

-0.6 

1 

3 

26 

63 

777 

968 

1636 

-0.5 

2 

8 

123 

162 

295 

-o.e 

3 

23 

18 

66 

-O.fc 

l 

6 

5 

10 

LESS 

0 

TOTAL  0 

3 

11 

52 

629 

1213 

9592 

16627 

13 

26160 

“IN.  0. 

2.4 

8.2 

28.2 

199.0 

6.8.9 

3903.1 

6167.5 

10.2 

10958.1 

Tip  Speed 

Ratio,  p 

Mission  Segment 

Delta  nz 

Descent 

IFSS 

C/.O0 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.6 

0 

l  •  2 

0 

l.f 

0 

■3.6 

0 

J.  " 

1 

1 

0.7 

1 

1 

0.6 

1 

6 

2 

3 

10 

0.5 

l 

5 

6 

8 

6 

26 

0.6 

2 

6 

16 

22 

37 

25 

106 

0.3 

3 

1 

60 

73 

88 

213 

157 

1 

576 

0.2 

10 

23 

202 

666 

566 

1265 

1000 

1 

3531 

-  J.2 

0 

-0.  3 

6 

16 

71 

176 

327 

ton 

636 

2661 

*0,6 

6 

1 

8 

29 

57 

178 

129 

606 

•0.5 

1 

5 

6 

63 

21 

76 

-0.6 

1 

10 

a 

19 

-0.  6 

1 

1 

.  C',S 

0 

•  fiL  0 

2b 

39 

327 

772 

1076 

2769 

2183 

2 

7192 

•I-..  0. 

12.2 

62.5 

319.6 

560.8 

603.2 

1193.0 

931.6 

1.3 

3666. 1 

Table  XX  (cont'd.) 


Table  XXI 

Peak  Delta  nz  versus  Tip  Speed  Ratio,  juu 


Tip  Speed  Ratio,  p 


Delta  n. 

USS 

U.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

70T61 

1.4 

0 

1.2 

0 

1.0 

1 

1 

0,9 

l 

1 

0.  H 

l 

1 

2 

0.7 

1 

2 

3 

0.6 

2 

6 

17 

12 

37 

0.5 

1 

1 

1 

6 

26 

39 

36 

110 

0.6 

5 

t 

6 

29 

68 

205 

232 

566 

0.3 

10 

15 

67 

171 

331 

1161 

1375 

3 

3113 

0.2 

1**1 

218 

368 

957 

1816 

5920 

8063 

5 

17518 

-0.2 

■ 

0 

-0.3 

69 

59 

in 

626 

1075 

5253 

6293 

7 

13301 

-0.6 

21 

13 

16 

70 

206 

1066 

1 101 

2671 

-0.5 

6 

1 

1 

10 

26 

188 

188 

616 

-0.6 

1 

l 

5 

37 

26 

70 

-0.8 

1 

1 

7 

5 

16 

CESS 

l) 

rom  o 

301 

308 

579 

1675 

3556 

13857 

17312 

15 

37603 

MIN.  7.6 

883.2 

768.6 

087.1 

1302.3 

2166.3 

5896.7 

7261.9 

11.5 

18961.2 

56 


Table  XXII 


Peak  Delta  nz  versus  Airspeed  by  Mission  Segment 


Airspeed  -  Knot*  Mission  Segment 


Delta  nz 

Take 

-ofi  and  Ascent 

LESS 

*0 

60 

?0 

100 

12" 

140 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

O.b 

0 

0.7 

0 

0.6 

1 

1 

1 

3 

0.5 

1 

11 

2 

4 

18 

0.4 

4 

14 

26 

16 

60 

0.3 

8 

14 

29 

101 

128 

31 

311 

0.2 

190 

34 

256 

671 

644 

202 

2047 

-0.2 

0 

-0.3 

18 

22 

114 

342 

573 

130 

1199 

-0.4 

4 

6 

17 

52 

95 

32 

206 

-0.5 

1 

3 

9 

20 

e 

41 

—0.6 

1 

2 

4 

7 

-0.8 

1 

2 

3 

LESS 

0 

TOTAL 

222 

126 

426 

1202 

1495 

424 

0 

0 

HI  N. 

474.2 

235.7 

506.7 

911.5 

823.4 

162.4 

0, 

3114.0 

Airspeed  - 

Knots 

Mission  Segment 

Delta  n, 

Cruise 

LESS 

43 

60 

80 

100 

120 

140 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

1 

1 

0.9 

1 

1 

0.8 

1 

1 

0.7 

2 

2 

0.6 

1 

13 

10 

24 

0.5 

1 

1 

5 

26 

35 

68 

0.4 

1 

6 

31 

110 

226 

374 

0.3 

4 

64 

111 

642 

1383 

3 

2207 

0.2 

5 

20 

183 

483 

3098 

7900 

14 

11703 

-0.2 

0 

-0.3 

5 

11 

121 

314 

2752 

6353 

18 

9574 

-0.4 

I 

3 

19 

68 

586 

1159 

1836 

-0.5 

2 

5 

87 

201 

295 

-0.6 

2 

20 

22 

44 

-0.8 

1 

3 

6 

10 

LESS 

0 

TOTAL 

11 

40 

397 

1021 

7340 

17296 

35 

0 

MIN. 

10.3 

23. s 

183.0 

554.0 

3082.6 

7091.0 

13.2 

10958.1 

Ai-speed 

-  Knots 

Mission  Segment 

Delta  nz 

Descent 

LESS 

40 

60 

80 

100 

120 

140 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

1 

1 

0.7 

1 

1 

0.6 

1 

3 

3 

3 

10 

O.S 

1 

4 

6 

9 

4 

24 

0.4 

2 

4 

16 

19 

35 

30 

106 

0.3 

3 

30 

72 

86 

163 

202 

576 

0.2 

27 

ITu 

444 

54  1 

1119 

1225 

3 

3531 

-0.2 

0 

-0.3 

19 

6 1 

1 5o 

293 

849 

1061 

'2441 

-0.4 

5 

c 

21 

65 

160 

157 

406 

-0.5 

1 

5 

6 

35 

29 

76 

-0.6 

1 

10 

B 

19 

-0.8 

l 

1 

LESS 

0 

total 

57 

774 

773 

1011 

2405 

2719 

3 

0 

MIN. 

69.3 

288.3 

535.7 

576.8 

1051.9 

1159.5 

2.3 

3684.1 

57 


Table  XXII  (cont'a.) 


Dalta  ng 

LESS 

60 

1.6 

1.2 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.6 

2 

l 

0.3 

11 

0 

0.2 

155 

52 

-0.2 

-0.3 

53 

3 

-0.6 

T 

-0.5 

1 

-0.6 

-0.8 

LESS 

TOTAL 

229 

62 

hi*. 

6  **1.6 

100.6 

Dalta  iij 

LESS 

60 

1.6 

lo2 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.6 

2 

0.3 

l 

0.2 

25 

-0.2 

-0.3 

10 

-0.6 

16 

-0.5 

3 

-0.6 

-o.e 

LESS 

total 

77 

0 

HJN. 

31*1.2 

0.0 

Airiptad  Knott 
60  80  100 


l 

1 

5 

1 


8  0  0 

11.9  0.1  0. 

Airipatd  Knott 
60  80  100 


0  0  0 

0.  0.  0. 

Table  XXIII 


Mittion  Segmant 
Flirt  and  Landing 
120  160  TOTAL 

0 
0 
0 
0 
0 
0 
0 
0 
6 

18 

212 

0 

57 

7 

1 

0 

0 

0 

0  0  0 
0.  0.  803.8 


Million  Segment 
Hovar 

120  160  TOTAL 

0 
0 
0 
0 
0 
0 
0 
0 
2 
1 

75 

0 

30 

16 

3 

0 

0 

0 

0  0  0 
0.  0.  381.3 


Peak  Delta  nz  versus  Airspeed 

Airipatd  Knot! 


Delta  nt 


LESS 

60 

60 

80 

10*> 

120 

160 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

1 

1 

0.9 

1 

1 

0.8 

1 

1 

2 

0.7 

l 

7 

3 

0.6 

2 

6 

17 

16 

37 

0.5 

? 

l 

5 

22 

37 

63 

110 

0.6 

6 

L 

39 

66 

171 

272 

566 

0.3 

23 

66 

166 

298 

953 

1616 

3 

3113 

0.2 

602 

37b 

886 

1697 

6861 

9327 

17 

17518 

-0.2 

0 

-0.3 

125 

77 

3*»6 

969 

6176 

7566 

18 

13301 

-0.6 

33 

IT 

57 

175 

861 

1368 

2671 

-0.5 

5 

l 

10 

20 

162 

238 

616 

-0.6 

2 

6 

36 

30 

TO 

-0,8 

1 

1 

6 

6 

16 

LESS 

0 

TOTAL 

596 

502 

1 556 

3236 

11260 

20639 

31 

0 

MIN. 

1626.5 

u65 . 3 

1237.3 

2062.5 

6958.0 

8613.0 

15.5 

18961.2 
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Table  XXIV 


Peak  Delta  nz  versus  Tip  Speed  Ratio,  /l  , 
by  Torque  Ranges 


Delta 

n„ 

Tip  Speed  Ratio,  p 

Torque  0-10% 

*  LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

o.« 

0 

0.7 

0 

0.6 

l 

1 

0.5 

0 

0.4 

3 

1 

3 

7 

0.3 

2 

5 

3 

10 

0.2 

4 

4 

17 

12 

6 

43 

-0.2 

0 

-0.3 

2 

9 

6 

17 

-0.4 

l 

2 

3 

-0.5 

0 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL  0 

0 

4 

11 

33 

27 

6 

0 

0  81 

MIN.  0. 

0. 

0.7 

7.1 

18.7 

11.8 

1.4 

0. 

0.  39.6 

Delta 

n_ 

Tip  Speed  Ratio,  p 

Torque  10-20% 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

C.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

l 

l 

0.4 

4 

l 

5 

0.3 

9 

9 

7 

2 

27 

0.2 

1 

11 

41 

92 

87 

26 

1 

259 

-0.2 

0 

-0.3 

l 

9 

34 

31 

12 

87 

-0.4 

1 

6 

3 

2 

12 

-0.5 

l 

1 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL 

0 

1 

12 

60 

145 

129 

44 

1 

0  392 

MIN. 

0. 

2.4 

6.6 

60.0 

117.1 

75.6 

18.9 

0.6 

0.  281.2 

Delta 


1.4 
1.2 
1.0 
0.9 
0.  8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
-0.2 
-0.3 
-0.4 
-0.5 
-0.6 
-0.8 
LESS 
total 

MIN. 


LESS 


0.00 


0.05 


Tip  Speed  Ratio,  p 
0.10  0.15  0.20 


C.25 


1 

l 


6 

4 

2 

l 

2 

9 

15 

25 

21 

1 

22 

71 

147 

158 

114 

4 

16 

52 

85 

64 

l 

5 

9 

10 

2 

0 

9 

2h 

96 

225 

282 

214 

l 

*0.6 

49.3 

141.8 

206.4 

193.3 

94.0 

Torque  20-30% 

0.30  0.35  TOTAL 

0 
0 
0 
0 
0 
0 
1 
1 

12 

l  74 

4  523 

0 

5  226 

25 

1  3 

0 
0 
0 

11  0  565 

3.0  0.  729.7 
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Table  XXIV  (cont'd.) 


Delta 

n. 

Tip  Speed  Ratio,  p 

Torque  30-40% 

a 

L8SS 

0.00 

0.  >5 

0.10 

0.15 

0.7'i 

?•/  5 

0.  '0 

0.35 

TOTAL 

1.  A 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.0 

0 

0.7 

0 

0.6 

1 

1 

0.5 

t 

2 

5 

0.4 

1 

1 

1 

t 

2 

H 

1 

1/ 

0.3 

1 

l 

10 

2h 

29 

39 

9 

117 

0.2 

19 

37 

61 

i.ir 

166 

736 

79 

735 

-0.2 

0 

-0.3 

0 

7 

20 

53 

120 

176 

!  9 

40  i 

-0.4 

1 

1 

6 

11 

13 

35 

3 

TO 

-0.5 

1 

1 

5 

5 

12 

-0.6 

1 

2 

3 

-0.8 

1 

1 

LESS 

0 

total 

0 

2r, 

4H 

18 

233 

340 

554 

61 

0 

1362 

MIN. 

1.3 

118.0 

114.7 

100.2 

119.3 

199.6 

262.0 

24.6 

0.1 

939.9 

Delta 

Toraue  40-50% 

n. 

Tip  Speed  Ratio,  p 

a 

LCSS 

0.00 

0.05 

0.10 

0.15 

0.20 

C.25 

o 

• 

w 

c 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

1 

1 

0.8 

0 

0.7 

1 

1 

2 

0.6 

2 

3 

5 

0.5 

1 

1 

< 

5 

6 

1 

17 

0.4 

3 

1 

5 

16 

18 

5 

•48 

0.3 

i 

3 

5 

30 

55 

131 

39 

1 

26  7 

0.2 

34 

27 

26 

97 

246 

678 

224 

1332 

-0.2 

0 

-0.3 

1 7 

16 

18 

5tl 

138 

475 

136 

858 

-0.4 

0 

2 

2 

12 

43 

91 

33 

191 

-0.5 

1 

1 

4 

21 

7 

34 

-0.6 

5 

1 

6 

-0.8 

0 

LESS 

0 

TOTAL 

0 

67 

48 

53 

207 

509 

14  30 

446 

1 

2761 

MIN. 

1.7 

217.9 

164. 

79.9 

101.9 

232.3 

556.6 

159.6 

0.1 

1464.3 

Delta 


1.4 

1.2 

1.0 

0.1 

0.0 

0.7 


LESS 


0.00 


0.05 


Tip  Speed  Ratio,  p 
0.10  0.15  0.20 


0.25 


0.30 


Torque  50-60% 


0.35 


TOTAL 

0 

0 

0 

0 

1 

1 


0.6 

1 

7 

3 

11 

0.5 

2 

3 

e 

10 

23 

0.4 

i 

1 

2 

14 

65 

51 

134 

0.3 

4 

2 

3 

17 

52 

343 

313 

734 

0.2 

4  7 

23 

11 

5  » 

166 

1560 

1586 

1 

3460 

-0.2 

0 

-0.3 

15 

10 

7 

39 

122 

1202 

1126 

2521 

-0.4 

4 

3 

7 

24 

247 

207 

492 

-0.5 

1 

3 

46 

77 

. 

77 

-0.6 

1 

10 

6 

17 

-0.8 

l 

1 

< 

LESS 

0 

TOTAL 

0 

72 

43 

30 

121 

386 

3490 

3310 

1 

7473 

MIN. 

2.0 

208.1 

116.1 

If. 9 

49.7 

132.5 

1092.7 

1160.4 

0.2 

2779.8 
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Table  XXIV  (cont'd.) 


Delta 


Tip  Spaed  Ratio,  p 


Torque  60-70% 


"a 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

C.2S 

0.30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

1 

1 

0.7 

0 

0.6 

2 

4 

6 

0.5 

4 

10 

14 

33 

0.4 

1 

7 

51 

107 

166 

0.3 

2 

4 

15 

44 

301 

639 

1005 

0.2 

24 

22 

14 

66 

264 

1601 

4018 

6014 

•0.2 

0 

•0.3 

S 

4 

5 

37 

144 

1580 

2487 

1 

4763 

•0.4 

2 

4 

1 

3 

27 

317 

492 

846 

-0.5 

3 

44 

88 

140 

•0.  6 

1 

2 

12 

11 

26 

-0.8 

4 

J 

7 

LESS 

0 

I0TAL 

0 

31 

32 

24 

124 

495 

3427 

8368 

1 

13007 

MIN. 

0.7 

86.7 

75.5 

45.5 

112.5 

348.7 

1967.0 

3914.3 

6.7 

6562.8 

Delta 

n_ 

Tip  Speed  Ratio,  p 

Torque  70-80% 

LESS 

O.Ovi 

0.05 

0.10 

0.15 

0.20 

0.25 

0.  30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.6 

0 

0.9 

0 

0.8 

0 

0.7 

U 

0.6 

3 

3 

0.5 

2 

4 

4 

10 

0.4 

1 

4 

16 

16 

37 

0.3 

2 

1 

14 

37 

69 

86 

2 

213 

0.2 

13 

14 

34 

111 

290 

403 

484 

4 

1S5J 

-0.2 

0 

-0.3 

l 

1 

6 

38 

145 

365 

411 

6 

973 

-0.4 

2 

3 

2 

10 

56 

78 

151 

-0.5 

1 

2 

10 

7 

20 

-0.6 

1 

1 

1 

3 

-0.8 

1 

1 

LESS 

U 

TOTAL 

0 

16 

17 

44 

168 

491 

924 

1092 

12 

2764 

MIN. 

0.2 

30.2 

48.5 

94.3 

238.8 

442.3 

488.9 

541.8 

4.4 

1889.6 

Delta 

n 

Tip  Speed  Ratio,  p 

Torque  80-90% 

1 

LESS 

u.uo' 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

1 

1 

2 

0.4 

1 

1 

0.3 

2 

2 

7 

2 

1 

14 

0.2 

8 

5 

7 

29 

44 

22 

13 

128 

-0.2 

0 

-0.3 

1 

8 

15 

18 

12 

54 

-0.4 

2 

9 

5 

4 

20 

-0.5 

1 

1 

-0.6 

0 

-0.9 

0 

LESS 

0 

TOTAL 

0 

8 

6 

10 

41 

75 

49 

31 

0  220 

MIN. 

0.1 

5.8 

12.4 

?4.4 

50.7 

46.5 

20.1 

7.4 

0.  167.6 

61 


Table  XXIV  (cont'd.) 


Table  XXV 


Peak  Delta  nz  versus  Tip  Speed  Ratio,  p*  ,  by 
Altitude  Ranges  and  Gross  Weight  Ranges 


i  Grose  Weight  12, 

,  000  to  1  3,  000  lb 

Delta  nx 

Tip  Speed  Ratio, 

Altitude  0-500  ft 

LLSS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

b 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

2 

0.5 

1 

1 

1 

1 

3 

7 

0.4 

2 

1 

2 

a 

13 

8 

9 

43 

0.3 

l 

5 

15 

28 

40 

39 

'37 

1  166 

0.2 

"4 

50 

61 

111 

149 

154 

159 

718 

-0.2 

0 

-0.3 

11 

12 

23 

69 

73 

100 

108 

396 

-0.4 

*. 

3 

3 

15 

1R 

15 

23 

81 

-0.5 

1 

l 

2 

3 

11 

18 

-0.6 

1 

1 

2 

-0.8 

1 

1 

LES5 

0 

total 

0 

53 

71 

105 

233 

297 

323 

351 

1  1434 

MIN. 

2.8 

161.9 

108.9 

59,0 

94.2 

100.8 

105.2 

75.0 

0.1  728.1 

Gross  Weight  13 

,000  to  14,000  lb 

Delta  nz 

Tip  Speed  Ratio, 

8 

Altitude  0-500  ft 

UiS 

o.oo 

0.05 

O'.  ID 

0.15 

0.20 

0.25 

o 

• 

o 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

O 

0.9 

I) 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

3 

2 

> 

0.4 

1 

7 

4 

5 

17 

0.3 

5 

3 

2 

12 

15 

18 

23 

78 

0.2  ' 

40 

?b 

28 

65 

103 

137 

169 

570 

-0.2 

0 

-0.3 

7 

8 

2 

34 

34 

81 

105 

271 

-0.4 

2 

5 

4 

16 

9 

36 

-0.5 

1 

JA 

3 

5 

-0.6 

l 

1 

-0.8 

1 

1 

2 

LESi 

0 

tom 

0 

52 

19 

34 

123 

165 

258 

315 

0  986 

MIN. 

1.1 

99.2 

T2.9 

57.7 

85.2 

111.5 

141.4 

148.4 

0.6  718.1 
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Table  XXV  (cont'd.) 


Gross  W sight  14.000  to  IS. 000  lb 


Dolts  ns ; 

Tip  Sposd  Ratio, 

Altitude  0-500  ft 

LES9 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.4 

0 

o.e 

1 

1 

0.7 

0 

0.6 

0 

0.5 

1 

4 

1 

6 

0.4 

1 

4 

5 

10 

6 

26 

0.3 

4 

9 

26 

26 

63 

37 

165 

0.2 

36 

53 

63 

139 

145 

264 

246 

946 

-0.2 

0 

-0.3 

4 

6 

20 

61 

104 

199 

143 

541 

-0.4 

4 

3 

2 

16 

14 

20 

21 

80 

-0.5 

1 

1 

5 

3 

10 

—0.6 

1 

1 

-0.8 

0 

LESS 

0 

TOTAL 

0 

49 

66 

45 

250 

241 

562 

456 

0  1776 

MIN. 

0.4 

134.7 

133.6 

104.5 

166.5 

189.1 

265.1 

271.2 

0.  1270.3 

i 

Gross  Weight'  15 

.  000  to  16, 000  lb 

Dolts  n, 

Tip  Sposd  Rstio, » 

Altitude  0-500  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.4 

4 

2 

3 

4 

0.3 

1 

1 

7 

13 

24 

20 

45 

111 

0.2 

78 

75 

53 

112 

188 

233 

282 

431 

-0.2 

0 

-0.3 

10 

13 

7 

32 

67 

157 

176 

462 

-0.4 

1 

4 

2 

3 

7 

17 

20 

54 

-0.5 

1 

2 

4 

5 

12 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL 

0 

40 

53 

64 

165 

290 

431 

531 

0 

1574 

MIN. 

0.5 

126.6 

120.5 

117.5 

166.7 

215.0 

267.5 

273.1 

0.9 

1288.5 

Gross  W sight  16,000  to  17,000  lb 


Dolts  na 

Tip  Speed  Rstic 

,  t4 

Altitude  0-500  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

1 

1 

1 

3 

0.4 

2 

2 

1 

2 

2 

9 

0.3 

3 

1 

6 

20 

18 

20 

19 

87 

0.2 

34 

25 

62 

124 

169 

136 

142 

692 

-0.2 

0 

-0.3 

22 

14 

19 

31 

4B 

72 

88 

244 

-0.4 

12 

3 

2 

4 

5 

14 

4 

44 

-0.5 

1 

1 

1 

3 

-0.6 

0 

-0.8 

0 

LESS 

0 

total 

0 

75 

44 

91 

180 

242 

245 

255 

0  1132 

MIN, 

1.1 

169.2 

170.5 

119.2 

195.0 

211.2 

210.4 

180.1 

0.2  1217.1 

Table  XXV  (cont'd.) 


Delta  n, 


Ttp  Speed  Ratio,  p 

0.10  0.1S  0.20 


Grose  Weight  17,000  to  18. 

Altitude  0- 

0.25  0.50  0.35 


0.5 

i 

1 

0.4 

i 

1 

1 

3 

0.3 

l 

7 

6 

10 

9 

7 

40 

0.2 

6 

14 

36 

102 

121 

138 

91 

508 

-0.2 

O 

-0.3 

c 

2 

5 

24 

43 

62 

45 

183 

-0.4 

4 

11 

2 

17 

-0.5 

1 

1 

2 

-O.fc 

1 

1 

-0.  b 

O 

lcss 

0 

TOTAL 

0 

ie 

46 

132 

160 

222 

146 

0  755 

Ml  N. 

1.0 

102.7 

105.3 

191.5 

190.3 

203.6 

142.1 

0.3  1036.5 

Delta  ns 


Tip  Speed  Ratio,  P 
0.10  0.15  0.20 


Grots  Weight  18.  000  to  19, 
Altitude  0 

0,25  0.30  0.55 


000  lb 
-500  ft 
TOTAL 
0 
0 
0 
0 
0 
0 
0 
0 


2 

2 

5 

7 

7 

3 

27 

59 

45 

33 

193 

0 

22 

20 

16 

69 

2 

4 

1 

e 

Delta  n. 


Ttp  Speed  Ratio,  p 


Gross  Weight  12.  000  to  13,  000  lb 
Altitude  500-1000  it 


i  , 

0.4 

3 

18 

14 

35 

0.3 

1 

3 

22 

74 

75 

175 

0.2 

6 

5 

4 

26 

91 

329 

365 

826 

-0.2 

0 

-0.3 

7 

4 

16 

87 

214 

297 

625 

- 

-0.4 

1 

3 

12 

58 

60 

134 

a. 

-0.5 

1 

6 

16 

25 

- 

-0.6 

l 

3 

1 

5 

-0.8 

0 

1 

LESS 

0 

TOTAL 

0 

14 

5 

10 

48 

217 

7'»0 

134 

0 

1636 

min. 

o.l 

11.4 

4,3 

6.0 

24.4 

109.6 

231.3 

:16.1 

0.1 

603.5 

Table  XXV  (cont'd.) 


Grots  Weight  13,000  to  14,000  lb 


Delta  nt 

Tip  Speed  Ratio, 

i* 

Altitude  500-1000  (t 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

n.tj 

0 

0.7 

1 

1 

0.6 

1 

1 

1 

3 

0.5 

2 

3 

5 

0.4 

3 

10 

20 

22 

55 

0.3 

3 

13 

31 

75 

97 

219 

0.2 

1 

a 

43 

123 

349 

513 

1037 

-0.2 

0 

-0.3 

2 

34 

70 

305 

404 

•  IS 

-0.4 

2 

20 

46 

59 

14T 

-0.5 

15 

13 

28 

-0.6 

1 

1 

-0.8 

0 

LESS 

0 

tom 

0 

1 

0 

13 

96 

257 

•34 

1110 

0  2311 

MIN. 

0. 

0.2 

2.6 

6.6 

25.2 

91.1 

302.  • 

451.2 

0.  179.9 

Grots  Weight  14.  000  to  IS,  000  lb 


Delta  Uj 

Tip  Speed  Ratio,  p 

Altitude  500-1000  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

1 

1 

6 

2 

10 

0.4 

7 

1# 

29 

54 

0.3 

3 

S 

16 

96 

162 

295 

0.2 

2 

4 

33 

114 

505 

960 

1619 

-0.2 

0 

-0.3 

• 

23 

74 

460 

790 

1345 

-0.4 

4 

2T 

■9 

120 

240 

-0.5 

1 

3 

11 

16 

39 

-0.6 

3 

1 

4 

-0.6 

1 

2 

3 

l  -  ss 

0 

TOTAL 

J 

0 

2 

15 

TO 

242 

1196 

2073 

0  3599 

MIN. 

0. 

1.2 

2.8 

6.4 

35.9 

107.9 

466.5 

916.5 

0.  1537.2 

!  Grott  Weight  15,000  to  16.000  lb 


Delta  n. 

Tip  Speed  Ratio, 

P 

Altitude  500* 

1000  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

2 

1 

4 

0.5 

2 

1 

3 

0.4 

2 

3 

6 

22 

33 

0.3 

4 

9 

16 

61 

163 

253 

0.2 

1 

• 

20 

87 

507 

1068 

1691 

-0.2 

0 

-0.3 

6 

8 

39 

471 

735 

1259 

-0.4 

3 

8 

101 

133 

245 

-0.5 

2 

1 

10 

23 

36 

-0.6 

1 

1 

1 

3 

-0.8 

1 

1 

LESS 

0 

TOTAL  0 

0 

1 

19 

45 

159 

1157 

2147 

0 

3529 

MIN.  0. 

7.6 

4.5 

9.9 

23.7 

93.7 

472.7 

911.0 

1.3 

1524.4 

65 


Table  XXV  (cont'd.) 


Groat  Weight  16.000  to  IT. 000  lb 
Delta  nt  Tip  Speed  Ratio,  p  Altitude  500-1000  It 

LESS  0.00  0.05  0.10  0.15  0.20  0.25  0,10  0.15  TOTAL 


1.6 

0 

1.2 

0 

1.0 

0 

0.4 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

2 

2 

0.6 

1 

8 

8 

17 

0.3 

2 

5 

9 

51 

65 

2 

116 

0.2 

7 

21 

54 

359 

569 

3 

998 

-0.2 

0 

-0.3 

1 

10 

66 

369 

607 

7 

818 

-0.6 

2 

5 

63 

68 

98 

-0.5 

1 

2 

6 

6 

11 

-0.6 

1 

1 

-0.8 

0 

LESS 

0 

TOTAL 

0 

1 

0 

10 

19 

121 

819 

1061 

12 

2063 

HIM. 

0. 

1.6 

3.Y 

6.5 

16.8 

99.0 

660.6 

662.2 

6.2 

1252.7 

Groat  Weight  17, 

,000  to  18,000  lb 

Delta  n- 

Tip  Speed  Ratio,  p 

Altitude  500- 

■  1000ft 

LtSS 

0.0U 

0.05 

P.10 

0.15 

0.20 

0.25 

0.10 

0.35 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

1 

1 

0.6 

2 

6 

6 

- 

12 

0.1 

1 

10 

52 

75 

160 

0.2 

2 

18 

81 

185 

565 

1011 

-0.2 

0 

-0.1 

5 

19 

325 

609 

778 

-0.6 

2 

10 

67 

69 

10b 

-0.5 

> 

7 

6 

13 

-0.6 

1 

3 

6 

-0.8 

1 

1 

LESS 

0 

TOTAL  0 

0 

u 

2 

28 

168 

822 

1091 

0 

2091 

MIN.  0. 

o..- 

0.6 

3.8 

10.7 

129.8 

511.2 

605.6 

1.2 

1285.0 

■  Groat  Weight  18,  000  to  19.  000  lb 
Delta  n.  Tip  Speed  Ratio,  p  Altitude  500-1000  ft 


USS  o.oo  o.oi  n.io 

1.6 

1.2 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.9 

0.1 

0.2  1 
-0.2 
-0.1 
-0.6 
-0.5 
-0.6 
-0.8 
LESS 

TOTAL  0001 

HIM.  0.  0.1  l.A  1.1 


.15  0.20  0.25  0.10  0.15  TOTAL 

0 

0 

0 

0 

0 

0 

0 

1  1 


2 

1 

1 

7 

33 

27 

67 

6 

16 

203 

166 

1S8 

0 

6 

28 

206 

106 

162 

6 

27 

16 

67 

3 

1 

6 

l 

1 

1 

1 

0 

0 

10 

77 

671 

298 

0 

859 

17.1 

70.6 

106.1 

219.7 

0. 

618.9 

66 
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Table  XXV  (cont'd.) 


I 


t 


Groee  Weight  12,000  to  13 

.  000  lb  ; 

Delta  ns 

Tip  Speed  Ratio.  P 

Altitude  1000-1500  ft  ; 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30  0.35 

TOTAL 

1.4 

0 

1.2 

0  i 

1.0 

0 

0.9 

0 

0.# 

1 

1 

0.7 

0  i 

0.6 

1 

2 

3 

6  i 

0.5 

2 

6 

6 

12  i 

0.6 

5 

8 

16 

27 

0.3 

1 

5 

IT 

57 

69 

129  ! 

0.2 

1 

3 

18 

80 

182 

188  2 

676 

-0.2 

0 

-0.3 

1 

15 

55 

156 

166 

369  [ 

-0.6 

3 

13 

67 

51 

116 

-0.5 

16 

9 

26  | 

-0.6 

1 

3 

5 

9  j 

-0.8 

0 

LESS 

0  ! 

TOTAL 

0 

u 

1 

5 

61 

175 

676 

667  2 

1165  1 

MIN. 

0. 

0.6 

0.8 

1.0 

22.3 

56.6 

116.5 

99.5  1.3 

298.3  { 

i 

Groee  Weight  13.  000  to  14. 

000  lb 

Delta  n_ 

Tip  Speed  Ratio 

P 

Altitude  1000- 

1500  ft 

* 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30  0.35 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

1 

1 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

1 

6 

7 

0.6 

1 

2 

6 

IT 

26 

0.3 

1 

1 

10 

35 

81 

128 

0.2 

12 

31 

170 

335 

550 

-0.2 

0 

-0.3 

1 

8 

23 

155 

311 

698 

-0.6 

1 

8 

60 

63 

132 

-0.5 

2 

8 

11 

21 

-0.6 

3 

2 

5 

-0.8 

1 

l 

LESS 

0 

TOTAL 

0 

0 

0 

2 

23 

78 

636 

829  0 

1368 

MIN. 

0. 

0.5 

1.6 

2.1 

9.6 

29.7 

119.2 

269.3  0.1 

612.2 

I 

I 


Groee  Weight  14, 000  to  15, 000  lb 

Delta  n. 

Tip  Speed  Ratio,  p 

Altitude  1000- 

1500  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30  0.35 

TOTAL 

1.6 

0 

1.2 

• 

0 

1.0 

0 

0.9 

0 

o.e 

0 

0.7 

2 

t 

0.6 

3 

2 

5 

0.5 

6 

6 

10 

0.6 

1 

1 

l 

23 

19 

65 

0.3 

2 

12 

100 

126 

260 

0.2 

i 

l 

2 

10 

28 

363 

598 

986 

-0.2 

y 

-0.3 

l 

2 

16 

55 

360 

502 

916 

-0.6 

T 

2 

10 

89 

116 

218 

-0.5 

2 

l 

18 

20 

61 

-0.6 

3 

2 

5 

-o.e 

1 

1 

LESS 

0 

TOTAL  0 

2 

2 

6 

31 

107 

925 

1392  0 

2665 

MIN.  0. 

5.0 

3.7 

3.6 

12.1 

38.7 

221.0 

365.6  0. 

669.5 

I 
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Table  XXV  (cont'd.) 


Gross  Weight  15,000  to  16,000  lb 


Delta  n. 

Tip  Speed  Ratio,  |i 

Altitude  1000-1500  ft 

less 

0.00 

0.05 

0.10 

0.15  0.20 

0.25 

0.30 

0.35  TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

2 

0.5 

1 

3 

4 

0.6 

1  1 

8 

16 

26 

0.3 

1  8 

40 

72 

121 

0.2 

1 

3 

10  37 

227 

387 

665 

-0.2 

0 

-0.3 

1 

5 

8  27 

247 

354 

642 

-0.4 

7 

35 

83 

125 

-0.5 

1 

10 

8 

19 

—0 . 6 

3 

1 

4 

-0.8 

0 

LESS 

0 

rum 

0 

1 

1 

8 

20  81 

572 

925 

0  1608 

k:n. 

0. 

1.3 

3.2 

5.0 

7*4  2  6 • 6 

198.1 

358.2 

0*  b  600  •  7 

Gross  Weight  16,000  to  17,000  lb 


Delta  nx 

Tip  Speed  Ratio, 

P 

Altitude  1000- 

1500  ft 

LESS 

O.'lu 

0.06 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

O.E 

0 

0.7 

0 

0.6 

0 

0.5 

1 

1 

2 

0.4 

5 

5 

10 

0.3 

1 

3 

6 

21 

45 

76 

0.2 

1 

4 

21 

23 

130 

277 

456 

-0.2 

0 

-0.3 

2 

6 

6 

24 

155 

232 

42  5 

-0.4 

2 

6 

36 

42 

86 

-0.5 

1 

7 

6 

14 

-0.6 

1 

1 

-0.6 

0 

LESS 

0 

TOT  AL 

0 

u 

3 

13 

30 

61 

356 

607 

0 

1070 

KIN. 

0. 

0.  i 

2.9 

5.1 

29.0 

30.3 

155.6 

257.3 

0. 

480.6 

9 

Groan  Weight  17,000  to 

18,000  lb 

Delta  nx 

Tip  Speed  Ratio,  p 

Altitude  1000-1  500  ft 

LESS 

C.OU 

0.05 

0.10  0.15  0.20 

0.25 

• 

O 

O 

0% 

• 

o 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

o.e 

0 

0.7 

0 

0.6 

0 

0.5 

3 

1 

0.4 

1 

4 

4 

9 

0.3 

1 

41 

35 

77 

0.2 

1  11 

196 

252 

460 

-0.2 

0 

-0.3 

1  9 

199 

226 

435 

-0.4 

1 

30 

25 

56 

-0.5 

1 

1 

-0,6 

3 

1 

4 

-o.e 

0 

LESS 

l) 

TOTAL 

0 

0 

u 

0  2  23 

476 

544  0 

1045 

HIn. 

0. 

0. 

0. 

0.3  2.3  30.9 

262.7 

284.3  0. 

880.4 

68 


Table  XXV  (cont'd.) 


Groce  Weight  18. 000  to  19. 000  lb 

Delta  b. 

Tip  S  >eed  Ratio, 

t* 

Altitude  1 000-1 500  ft 

LESS 

0.00 

0.05 

0.10  0.15 

0.20 

0.25 

0.30  0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

O.T 

0 

f*  6 

0 

0.5 

0 

0.4 

4 

3 

7 

0.3 

1 

18 

13 

32 

0.2 

2  1 

5 

142 

163 

313 

-0.2 

0 

-0.3 

11 

152 

130 

293 

-0.4 

1 

24 

18 

43 

-0.5 

1 

3 

1 

5 

-0.6 

2 

2 

-0.8 

0 

LESS 

0 

TOTAL 

0 

0 

0 

2  1 

19 

345 

328  0 

695 

MIN. 

0. 

0. 

0. 

0.9  2.4 

16.3 

214.0 

163.7  0. 

397.4 

Grot*  Weight  12. 000  to  13.  000  ib 
Tip  Speed  P-tio,  Altitude  1500-2000  ft 

Delta  n,  LCSS  0.00  0.05  0.10  O.'S  0.20  0i25  0.30  0.35  TOTAL 


1.4 

1.2 

1.0 

0.9 

0.8 

O.T 

0.6 

0.5 

0.4 

0.3 

0.2 

-0.2 

-0.3  l 

-0.4 
-0.5 
•0.6 
-0.8 
LESS 

TOTAL  0  0  0  1 

MIN.  0.  0.2  0,3  1.2 


0 

0 

0 

0 

0 

0 


1 

2 

3 

2 

2 

l 

2 

7 

6 

16 

2 

3 

26 

20 

51 

7 

24 

77 

86 

194 

0 

5 

19 

81 

83 

189 

4 

29 

18 

51 

2 

8 

4 

14 

1 

1 

2 

0 

0 

15 

55 

233 

218 

0 

522 

9.0 

19.6 

47.9 

49.5 

0. 

127.7 

Groce  Weight  13. 000  to  14. 000  lb 

Delta  ng  L£SS 

Tip  Speed  Ratio,  p 

Altitude  1 500-2000  ft 

0.00 

0.05 

0.10  0.15  0.20 

0.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

1 

l 

0.4 

6 

2 

8 

0.3 

2 

18 

15 

35 

0.2 

1  I 

47 

72 

121 

-0.2 

0 

-0.3 

5 

45 

73 

123 

-0.4 

19 

17 

32 

-0.5 

5 

4 

13 

•0.6 

0 

-0.8 

1 

1 

LESS 

0 

TOTAL  0 

0 

0 

0  1  8 

138 

188 

0  335 

MIN.  0, 

0. 

0.2 

0.5  3.0  3.9 

22.7 

32.9 

0.  63.2 

69 
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Table  XXV  (cont'd.) 


i 

X 


i 


«t«5;n 


1; 

■M 


Cross  Weight  14,000  to  15,000  lb 


Delta  nx 

Tip  Speed  Ratio, 

Altitude  1500-2000  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0. 35  TOTAL 

1.4 

0 

l. 

0 

1.0 

0 

0.5 

1 

1 

o.a 

0 

0.7 

0 

0.6 

2 

2 

0.5 

1 

3 

1 

5 

0.4 

16 

9 

25 

0.3 

1 

2 

5 

65 

43 

116 

0.2 

1 

7 

14 

210 

171 

403 

-0.2 

0 

-0.3 

2 

6 

15 

245 

155 

427 

-0.4 

3 

66 

46 

117 

-0.5 

10 

11 

21 

-0.6 

7 

1 

8 

-o.a 

0 

LESS 

0 

TOTAL 

0 

0 

0 

4 

15 

42 

625 

439 

0  1125 

MIN. 

0. 

0. 

0. 

2.4 

5.8 

15.3 

100.0 

71.5 

0.  195.0 

Gross  Weight  15.  000  to  16.  000  lb 


Delta  ns 

Tip  Speed  Ratio, 

1* 

Altitude  1500-2000  ft 

LESS 

o.ou 

0.05 

0.10 

0.15 

0.20 

C.25 

0.30 

0.35  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

U 

o.e 

0 

0.7 

0 

0.6 

1 

1 

0.5 

3 

3 

0.4 

7 

4 

11 

0.3 

6 

29 

74 

59 

0.2 

2 

6 

10 

98 

67 

183 

-0.2 

0 

-0.3 

1 

3 

13 

108 

74 

199 

-0.4 

1 

1 

23 

16 

43 

-0.5 

4 

2 

6 

-0.6 

0 

-O.fl 

2 

2 

LESS 

0 

TOTAL 

0 

0 

C 

3 

10 

32 

271 

191 

0  507 

MI*. 

0. 

0. 

0.2 

1.7 

2.6 

9.6 

71.1 

48.1 

0.  133.5 

Gross  Weight  16,000  to  17.000  lb 


Delta  os 

Tip  Speed  Ratio, 

t* 

Altitude  ’"30-2000  It 

LESS 

o.ou 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35  tOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.6 

0 

0.7 

0 

i  0.6 

0 

•  ,  0.5 

1 

1 

2 

0.4 

2 

3 

5 

0.3 

1 

1 

1 

9 

5 

17 

0.2 

3 

4 

54 

44 

105 

-0.2 

0 

-0.3 

6 

57 

36 

101 

■*  .  -0.4 

1 

5 

8 

14 

-0.5 

1 

1 

2 

-0.  6 

1 

1 

i  -0.6 

0 

1  LESS 

0 

TOTAL 

0 

0 

0 

1 

5 

15 

129 

97 

0  247 

MIN. 

0. 

0. 

0.1 

0.5 

1.1 

5.3 

37.3 

45.1 

0.4  89.9 

T 


Table  XXV  (cont'd.) 


Cron  Weight  17,000  to  IB. 


Dclt*  nE 

Tip  Speed  Ratio,  p 

Altitud*  1 500-2000  ft 

LESS 

0.00 

o.os 

0.10  O.IS  0.20 

0.2S 

0.30 

0.35 

TOTAL 

i#4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.6 

0 

0,7 

0 

0.6 

0 

O.S 

0 

0.6 

0 

0.3 

7 

11 

IB 

0.2 

1 

60 

62 

103 

-0.2 

0 

-f  .3 

3 

66 

69 

116 

-0.6 

13 

S 

18 

-O.S 

1 

2 

3 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL 

0 

0 

0 

0  0  6 

16S 

109 

0 

258 

MIN. 

0. 

0. 

0. 

• 

• 

O 

• 

o 

75.9 

39.1 

0. 

119.1 

Groaa  Weight  18,  000  to  19.000  1b 

Delta  ns 

Tip  Speed  Ratio,  u 

Altitude  1 S 00-2000  ft 

LESS 

0.00 

o.os 

0.10  O.IS  0.20 

0.2S 

0.30 

0,35 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

O.S 

0 

0.6 

1 

1 

0.3 

1 

6 

5 

0.2 

23 

18 

61 

-0.2 

0 

-0.3 

27 

20 

67 

-0.6 

1 

2 

3 

6 

-O.S 

1 

1 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL 

0 

0 

0 

0  0  1 

SS 

65 

0 

101 

MIN. 

0. 

0. 

0. 

0 .  0.6  3.0 

35.6. 

15.7 

0. 

$6.5 

Delta  ns 

I.* 

1.2 

1.0 

0.9 

o.e 

0.7 

0.6 


Tip  Speed  Ratio,  p 
0.10  0.15  0.20 


Groaa  Weight  12,000  to  13, 
Altitude  2000- 
0.2$  0.30  0.3$ 


,  000  lb 
2500  ft 
TOTAL 
0 


O.S 

1 

1 

2 

0.6 

1 

6 

5 

*  0.3 

6 

IS 

2 

23 

0.2 

3 

7 

56 

26 

90 

-0.2 

0 

*  -0.3 

1 

13 

51 

27 

92 

A 

-0.6 

2 

6 

10 

5 

21 

* 

-0.5 

9 

1 

10 

-0.6 

1 

1 

-0.6 

1 

1 

LESS 

0 

TOTAL 

0 

U 

0 

0 

6 

32 

166 

63 

0 

265 

MIN. 

0. 

0.3 

0.1 

0.1 

3.2 

17.9 

66.0 

26.0 

0. 

89.7 

71 


T? 


Table  XXV  (cont'd.) 


Groee  Weight  11.000  to 

14. 000  lb 

D*u*  n‘  less 

Tip  Speed  Ratio,  p 

0.29 

Altitude  2000-2500  It 

0.00 

0.05 

0.10  0.15  0.20 

0.50  0.15 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.4 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.4 

1 

1 

2 

0.} 

1 

4 

5 

0.2 

2 

11 

T 

20 

-0.2 

0 

-0.J 

* 

? 

11 

-0.4 

2 

2 

4 

-0.5 

1 

1 

2 

-0.6 

1 

1 

-0.8 

0 

LESS 

0 

T0T4L  0 

0 

0 

0  0  2 

20 

21  0 

45 

HIM.  0. 

0. 

0.4 

0.  0.6  2.2 

T.O 

1.0  0. 

19.2 

Delta  n*  Ltss 

Tip  Spaed  Ratio,  p 

Groee  Weight  14.000  to  15,000  lb 
T  Altitude  2000-2500  It 

G.no 

0.05 

0.10 

0.15  0.20 

0.25 

0.10 

0.15 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.4 

0 

0.1 

2 

14 

T 

21 

0. 2 

50 

14 

44 

-0.2 

0 

-0.  J 

5 

45 

16 

66 

-0.4 

1 

12 

6 

14 

-0.5 

1 

1 

-0.6 

0 

-0.  B 

0 

LESS 

0 

TCT4L  0 

C 

0 

0 

0  8 

124 

48 

0 

190 

MIN.  0. 

0. 

0. 

0. 

0.2  1.1 

20.1 

4.0 

0. 

>0.6 

Tip  Speed  Ratio,  p 

Groee  Weight  15.000  to  16,000  lb 

D«lUn*  LESS 

Altitude  2000- 

2500  ft 

0.00 

0.05 

0.10  0.15  0.20 

0.25 

0.10  0.15 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

• 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

1 

1 

0.5 

1 

1 

0.4 

2 

1 

) 

0.3 

11 

4 

15 

0.2 

1 

22 

2 

25 

-0.2 

0 

-0.3 

21 

9 

11 

-0.4 

6 

1 

7 

-0.5 

2 

1 

1 

-0.6 

0 

-0.8 

0 

LESS 

0 

T0T4L  0 

0 

0 

0  0  1 

69 

IT  0 

94 

MIN.  0. 

0. 

0.4 

0.1  0.  0.2 

14.9 

4.4  0. 

22.4 
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Table  XXV  (cont'd. ) 


Qroee  Weight  ! 

18,000  to  17,000  1b 

Delta  n. 

Tip  Speed  Ratio,  p 

Altitude  2000-2300  ft 

LCSS 

0.00 

0.03 

0.10  O.IS  0.20 

0.23 

0.30 

0.33 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.6 

0 

0.3 

10 

10 

0.2 

32 

6 

34 

-0.2 

0 

-0.3 

1 

30 

2 

33 

-0.6 

1 

6 

2 

7 

-0.5 

• 

0 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL  0 

0 

0 

1  0  1 

7* 

8 

0 

86 

KIN.  0. 

0. 

0. 

0.2  0.  0.6 

17.8 

1.8 

0. 

20.6 

Delta  n, 

LESS 

1.* 

1.2 

1.0 

0.9 

0.8 

0.7 

0.6 

0.5 

0.6 

0.3 

0.2 

-0.2 

-0.3 

-0.6 

-0.3 

-0.6 

-0.8 

LESS 

TOTAL  0 

MIN.  0. 


0.00  0.05 


0 


0. 


0 

0. 


Tip  Speed  Ratio,  p 

0.10  0.1S  0.20 


0  0  0 

0.  0.  0.6 


Croai  Weight  IT.  000  to  18.  000  lb 
Altitude  2000-2500  ft 
0.23  0.30  0.33  TOTAL 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  1 

6  6 

0 

7  7 

0 

0 

0 

0 

0 

16  0  0  16 

8. 8  0.8  0.  10.2 


Groai  Weight 

18,000  to  19,000  lb 

Delta  n. 

Tip  Speed  Ratio,  p 

Altitude  2000-2300  ft 

LESS 

0.00 

0.05 

0.10  0.15  0.20 

0.23 

0.30 

0.33  TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0  .6 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.6 

0 

0.3 

0 

0.2 

15 

1 

16 

-0.2 

0 

-0.3 

11 

2 

13 

-0.6 

2 

2 

-0.5 

0 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL  0 

0 

0 

0  0  0 

28 

3 

0  31 

MIN,  0, 

0. 

0. 

0.  0.  0. 

17.3 

1.3 

0.  18.8 
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Table  XXV  (cont'd.) 


Grots  Weight  12(000  to  13 

.  000  lb 

D,k*B»  LESS 

Tip  Sp«6d  Ratio,  p 

Altitude  2500- 

1000  ft 

0.00 

0.05 

0.10 

0.15  0.20 

0.25 

0.10  0.15 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.0 

0 

0.  r 

0 

0.7 

0 

0.6 

0 

0.5 

1 

1 

2 

0.4 

1 

1 

0.1 

1 

2 

1 

0.2 

6 

21 

18 

47 

-0.2 

0 

-0.1 

2  11 

14 

21 

70 

-0.4 

1 

8 

7 

16 

-0.5 

1 

1 

4 

-0.6 

0 

-0.8 

0 

LESS 

0 

TOTAL  0 

0 

0 

0 

4  18 

71 

50  0 

141 

MIN.  0. 

0. 

0. 

0.6 

5.5  21.5 

27.8 

n.9  o. 

67.4 

Groee  Weight  11,000  to 

14,000  lb 

Delta  n. 

Tip  Speed  Ratic,  p 

Altitude  2500-1000  ft 

*  LESS 

0.00 

0.05 

0.10  0.15  0.20 

C.25  0.10  0.15 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.4 

0 

0.8 

0 

0.7 

0 

0.6 

>) 

0.5 

0 

0.4 

0 

0.  1 

0 

0.2 

1 

2 

6 

-0.2 

0 

-0.1 

1 

1 

-0.4 

0 

-0.5 

0 

-0.6 

0 

-0.6 

0 

LESS 

II 

TOTAL  <1 

0 

0 

0  0  4 

2  0  0 

6 

MIN.  0. 

0. 

0.4 

0.4  0.9  14,7 

10.7  0.1  0. 

27.2 

Groee  Weight  16,000  to  17,000  lb 

Delta  n_ 

Tip  Speed  Ratio,  p 

Altitude  2500-1000  ft 

a  LESS 

0  *Ou 

0.05 

0.10  0.15  0.20 

C.25  0.30  0.15  TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

0 

0.6 

0 

0.5 

0 

0.4 

0 

0.1 

0 

0.2 

1 

2  1 

-0.2 

0 

-0.1 

1 

1 

-0.4 

1 

1 

-0.5 

0 

—0. 6 

1 

1 

-0.6 

0 

LESS 

0 

TOTAL  0 

li 

0 

0  0  4 

2  0  0  6 

MIN.  0. 

0. 

0. 

0.  0.4  2.6 

2.9  0.  0.  5.4 
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Table  XXVI 


Peak  Delta  nz  versus  Tip  Speed  Ratio,  , 
by  Altitude  Ranges 


Delta  Bg 

Tip  Speed  Ratio,  p 

Altitude  0-500  ft 

LESS 

0.00 

0.05 

0.10 

0.1S 

0.20 

0.2S 

0.30 

0.35 

TOTAL 

1.4 

0 

1.2 

0 

1.0 

0 

0.9 

0 

O.S 

1 

1 

0.7 

0 

0.6 

1 

1 

1 

3 

0.9 

1 

1 

1 

5 

a 

3 

3 

22 

0.6 

5 

1 

5 

IS 

30 

27 

25 

112 

0.) 

10 

IS 

69 

112 

160 

176 

171 

1 

676 

0.2 

182 

'06 

317 

690 

936 

1107 

1122 

6550 

>0.2 

0 

>0.3 

60 

56 

80 

2S7 

391 

691 

601 

2216 

>0.6 

21 

13 

11 

64 

56 

97 

00 

320 

-0.5 

1 

1 

6 

6 

16 

22 

50 

-0.6 

1 

1 

3 

5 

-0.8 

1 

2 

3 

LESS 

0 

TOTAL  0 

292 

293 

663 

1135 

1566 

2119 

2107 

1 

7966 

MIN.  7.3 

893.0 

716.1 

618.6 

992.1 

1110.6 

1280.0 

1163.Q 

2.1 

6729.0 

Delta  na 

Tip  Spaed  Ratio, 

P 

Altitude  500' 

-1000  ft 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

0.8 

0 

0.7 

1 

1 

0.6 

1 

3 

5 

3 

12 

0.5 

1 

12 

11 

8 

32 

0.6 

6 

25 

76 

102 

209 

0.3 

13 

41 

111 

666 

666 

2 

1255 

0.2 

7 

8 

34 

167 

591 

2637 

6166 

3 

7591 

-0.2 

0 

-0.3 

0 

20 

100 

381 

2328 

3138 

7 

5982 

-0.6 

1 

16 

86 

431 

685 

1019 

-0.5 

1 

1 

3 

8 

67 

79 

159 

-0.6 

1 

3 

9 

8 

21 

-0.8 

1 

1 

3 

5 

LESS 

0 

TOTAL 

0 

16 

8 

70 

336 

1221 

6009 

8616 

12 

16286 

MIN. 

0.1 

22.2 

20.2 

42.6 

192.1  701.8 

2753.5 

3962.3 

6.8 

7701.7 

DeUen.  L£iS 

Tip  Spaed  Ratio, 

l» 

Altitude  1000-1 500  ft 

0.00 

0.05 

0.10 

0.15 

0,20 

0.25 

0.30 

0.35 

T07AL 

1.6 

0 

1.2 

0 

1.0 

1 

1 

0.9 

0 

0.8 

1 

1 

0.7 

2 

2 

0.6 

1 

6 

7 

14 

0.5 

3 

16 

19 

38 

0.4 

1 

3 

10 

56 

78 

148 

0.3 

3 

12 

55 

312 

421 

803 

0.2 

2 

4 

14 

73 

217 

1390 

2200 

2 

3902 

-0.2 

0 

-0.3 

3 

15 

52 

204 

1402 

1899 

3576 

-0.  A 

3 

6 

46 

321 

398 

774 

-0.5 

2 

7 

60 

56 

125 

-0.6 

1 

18 

11 

30 

-0.8 

2 

2 

LESS 

0 

TOTAL  0 

3 

7 

36 

148 

544 

3584 

5092 

2 

9616 

MIN.  0. 

T.S 

12.2 

18.0 

85.2 

229.0 

1287.2 

1777.8 

2.2 

3419.3 
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Table  XXVI  (cont'd.) 


Delta  n. 

Tip  Speed  Ratio, 

P 

Altitude  1500-2000  ft 

LESS 

0.00 

0.3* 

0.10 

0.19 

0.20 

0.2* 

0.30 

0.39  TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

1 

1 

0.8 

0 

0.7 

0 

0.6 

1 

6 

2 

7 

0.9 

2 

7 

6 

13 

0.6 

1 

2 

30 

26 

66 

0.3 

2 

* 

r» 

1*9 

122 

301 

0.2 

3 

26 

*6 

*69 

*00 

1190 

-0.2 

0 

-0.3 

6 

16 

67 

62 

690 

1202 

-0.6 

2 

11 

193 

119 

281 

-0.* 

3 

29 

28 

60 

-0.6 

9 

2 

11 

-0.8 

3 

i 

LESS 

0 

TOTAL  0 

0 

0 

9 

66 

157 

1*96 

1287 

0  3095 

MIN.  0. 

0.2 

0.8 

6.3 

22.1 

60.8 

390.6 

302.0 

0.6  783.0 

Delta  ns 

Tip  Speed  Ratio,  P 

Altitude  2000- 

-2500  it 

LESS 

0.00 

e.05 

0.10 

0.15 

0.20 

C.2* 

0.30 

0.35 

TOTAL 

1.6 

0 

1.2 

0 

1.0 

0 

0.9 

0 

O.H 

0 

0.7 

0 

0.6 

1 

1 

0.* 

1 

1 

1 

3 

0.6 

1 

7 

2 

10 

0.3 

8 

*2 

17 

77 

0.2 

3 

10 

190 

59 

262 

-0.2 

0 

-0.3 

1 

19 

171 

62 

253 

-0.6 

1 

2 

5 

36 

16 

60 

-0.5 

1* 

3 

18 

-0.6 

2 

2 

-O.H 

1 

1 

LESS 

0 

TOTAL 

0 

0 

0 

1 

6 

66 

676 

162 

0 

68/ 

Ml  N. 

0. 

0.3 

0.9 

0.6 

6.0 

22.6 

132.3 

66.8 

0. 

205.6 

D.1U  „  Tip  Speed  Ratio,  p  Altitude  2500-  3000  it 

LESS  0.00  0.15  0.10  0.1*  0.20  0.2*  0.30  0.35  TOTAL 


1.5 

1.2 

1.0 

0.9 

0.8 

O.T 

0.6 

0.5 

0.6 

0.3 

0.2 

-0.2 

-0.3 

-0.6 

-0.5 

-0.6 

-o.e 

LESS 

TOTAL  0  0  0  0 

MIN.  0.  0.  0.6  1.0 


0 

0 

0 

0 

0 

0 

0 

1  1  2 
1  1 
1  2  3 


10 

27 

18 

55 

0 

2 

13 

36 

23 

72 

2 

8 

7 

17 

1 

3 

9 

1 

1 

0 

0 

6 

26 

75 

90 

0 

155 

8 

39.6 

63.3 

12.0 

0. 

102.9 
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i 

1  . 

I 

I 

Table  XXVII 

- 

% 

s 

T* 

* 

Peak  Pitch  Rates  versus 

Tip  Speed  Ratio,  >ju  , 

T 

1 

by  Mission  Segment 

1 

i 

- 

At 

Miaaion  Segment 

1 

| 

T 

Pitch  Rate 

Tip  Speed  Ratio.  p 

Takeoff  and  Aacent 

i 

-  */»e c 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30  0.35 

TOTAL 

i 

LESS 

0 

-12 

0 

! 

i 

-10 

e 

1 

3 

j 

r 

-8 

139 

102 

10 

7 

7 

3 

248 

i 

I 

-6 

9 

730 

378 

50 

45 

48 

48 

4 

1374 

1 

-a 

12 

1259 

908 

554 

914 

1737 

1741 

244 

7393 

1 

i 

! 

-2 

0 

1 

? 

0 

0 

3 

i 

i 

1 

2 

4 

8*3 

481 

1180 

2390 

2874 

1889 

284 

10191 

i 

1 

T 

a 

1 

12C 

53 

109 

204 

224 

ioo 

15 

830 

! 

1 

6 

1 

9 

9 

12 

21 

18 

4 

4 

78 

| 

| 

M 

8 

1 

1 

2 

1 

5 

1 

[  . 

10 

1 

1 

l 

12 

1 

1 

2 

TOTAL 

29 

31a2 

2134 

1919 

3408 

4932 

3824 

545  0 

20145 

I 

V 

MIN. 

2.1 

250.9 

223.2 

242.0 

532.1 

942.0 

798.5 

123.0  O. 

3114.0 

* 

A 

Miaaion  Segment 

Pitch  Rate 

Tip  Speed  Ratio.  P 

Deacent 

-  * / eec 

LESS 

0.00 

0.05 

0.10 

0.15 

0.20 

0.25 

.0.30  0.35 

TOTAL 

m 

LESS 

0 

I 

-12 

0 

1 

-10 

O 

-8 

13 

13 

24 

17 

6 

5 

1 

81 

-6 

T6 

40 

9a 

87 

53 

112 

35 

479 

-a 

Hi 

344 

1050 

1347 

1421 

2548 

1540 

8374 

f 

-2 

0 

I 

0 

0 

A 

2 

74 

384 

2023 

3281 

3070 

4B97 

2424  3 

14358 

a 

?u 

54 

304 

495 

254 

203 

41 

1395 

6 

13 

5 

57 

82 

23 

9 

4 

193 

8 

1 

4 

a 

5 

lb 

V 

10 

a 

1 

7 

l 

1 

1 

15 

5 

1 

12 

1 

2 

3 

A 

TOTAL 

0 

2at 

849 

3549 

5  354 

4835 

7775 

4245  3 

24914 

1 

MIN. 

0. 

12. < 

42.5 

319.4 

540.4 

403.2  1193.0 

931.4  1.3 

3484.1 

1 

i 

Pitch  Rate 

Tip  Speed  Ratio,  p 

Miaaion  Segment 

Klare  and  Landing 

A 

-  */aec 

LESS 

C.00 

0.05 

0.10 

0.15 

0.20 

C.  25 

0.30  0.35 

TOTAL 

LESS 

0 

-12 

0 

i 

-10 

0 

f 

-e 

<•4 

119 

4 

173 

1 

-4 

1 

35  1 

511 

53 

l 

917 

m 

-a 

9 

2252 

2459 

412 

31 

1 

5344 

-2 

0 

0 

0 

m. 

2 

2 

899 

1435 

472 

77 

l 

3284 

1 

a 

54 

143 

74 

3 

274 

1 

4 

5 

11 

5 

21 

W- 

8 

1 

1 

2 

10 

2 

2 

12 

1 

1 

TOTAL 

12 

3410 

r030 

1224 

112 

2 

0 

0  0 

10040 

1 

MIN. 

1.9 

328.* 

345.2 

97.4 

10.3 

0.1 

0. 

o 

• 

o 

• 

803.8 

l 

77 

- 

_ 

Table  XXVII  (cont'd.) 


« 


Pitch  Rate 

Tip  Spaad  Ratio,  p 

Mlaalon  Sagmant  Hovar 

.  */aae 

LESS 

0.00 

0.05 

0.10  0.1S  0.20 

0.23 

0.30  0.3$  TOTAL 

LESS 

0 

-12 

0 

-10 

0 

-8 

33 

14 

47 

-6 

157 

46 

203 

IS 

1474 

341 

1 

1831 

-2 

0 

0 

0 

2 

13 

1271 

324 

1615 

4 

2 

142 

46 

190 

6 

31 

14 

4$ 

0 

3 

4 

7 

10 

2 

2 

12 

1 

1 

TOTAL 

30 

3120 

740 

1  0  0 

0 

0  0  3941 

MIN. 

3.4 

204.4 

14.4 

0.0  0.  0. 

0. 

0.  0.  381.3 

| 

1 

1  Table  XXVIII 

Peak  Pitch  Rates  versus  Tip  Speed  Ratio,  )x . 


Pitch  Rata 

Tip  Spaad  Ratio, 

M 

-  ’/«ac 

LESS 

C.no 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

T0T4L 

LESS 

0 

-12 

0 

-10 

2 

1 

3 

-8 

233 

24b 

42 

24 

13 

8 

1 

569 

-6 

10 

1276 

945 

197 

1S3 

121 

180 

41 

2973 

-4 

36 

5067 

4254 

2019 

2334 

3159 

4  309 

1784 

22962 

-2 

0 

0 

0 

2 

<1 

3134 

3026 

387S 

5748 

5947 

6786 

2910 

3 

31450 

4 

3 

336 

246 

487 

704 

482 

303 

76 

2689 

6 

l 

56 

39 

74 

103 

41 

13 

8 

337 

4 

6 

6 

8 

6 

5 

1 

32 

10 

6 

4 

7 

1 

1 

l 

20 

12 

2 

4 

1 

7 

TOTAL 

71 

10116 

8873 

6713 

9074 

9769 

11601 

4820 

3 

61042 

MIN. 

7.4 

683.2 

748.6 

687.1 

1302.3  2164.3 

5894.7 

7241.9 

11.5 

18941.2 
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APPENDIX 


Data  Recording  System 

The  following  treats  of  the  description  and  operations  of  the  data  record¬ 
ing  system. 

Recorder  -  The  recorder  was  the  Model  414  Century  oscillograph  which 
was  designed  primarily  for  vehicles,  such  as  aircraft  and  guided  missiles, 
used  in  severe  environments  and  with  rigid  space  limitations.  This  instrument 
has  the  capability  of  recording  simultaneously  the  data  from  14  channels  on  a 
3 -5/8 -inch- wide  oscillogram,  a  photosensitive  paper.  The  recorder  measures 

7  x  5-1/2  x  6-3/4  inches  in  height,  width,  and  depth,  respectively,  and  weighs 

8  pounds;  its  power  requirement  is  28  volts  D.  C.  at  2.  5  amperes.  The 
recorder  magazine  can  contain  70  feet  of  oscillogram.  When  the  70-foot 
oscillogram  is  run  at  a  3-inch-per-minute  paper  speed,  data  can  be  recorded 
for  4  hours  and  40  minutes. 

Ten  of  the  14  channels  were  utilized;  seven  to  record  the  respective 
seven  parameters,  an  eighth  to  produce  a  static  reference  line  super¬ 
imposed  on  the  pitch  rate  trace,  a  ninth  to  monitor  the  voltage  supply,  and  a 
tenth  to  mark  the  cycling  of  a  uniform  period  for  time  reference.  Parameter 
trace  variations  from  the  static  reference  line  were  measured  with  the 
assumption  of  a  constant  transducer  voltage  supply.  The  trace  monitoring 
this  supply  provided  the  means  of  detecting  any  voltage  fluctuation  and  of 
adjusting  for  it  during  the  computational  phase  of  the  data  processing.  The 
time  signal  emanating  at  one  cycle  per  minute  from  an  internal  timing  circuit 
excited  the  timing  galvanometer  to  cause  the  delineation  of  a  square- wave 
time  pattern  on  the  oscillogram.  The  timing  circuit  was  a  unijunction  transis¬ 
tor  trigger  circuit  operating  in  conjunction  with  a  conventional  multivibrator. 
Type  210C56-2  and  210C58-2  Century  galvanometers  were  employed.  Each 
has  a  D.  C.  sensitivity  of  22  microamperes.  The  natural  frequency  of  the 
former  is  100  cps,  and  that  of  the  latter  is  30  cps.  These  galvanometers  are 
of  the  magnetic  damping  type  and  require  an  external  damping  resistance  of 
350  ohms  for  a  damping  factor  of  65  percent  of  critical.  The  magnetic  block 
of  the  oscillograph  was  heated  to  a  constant  temperature  to  minimize  galvano¬ 
meter  drift.  Table  A-l  lists  the  function  and  channel  number  assignments  of 
the  galvanometer  types. 


Bridge  Balance  and  Signal  Conditioning  Unit  -  Attached  to  the  oscillograph, 
the  bridge  balance  and  signal -conditioning  unit  included  switches  to  control  the 
data  acquisition  system  and  fuses  for  all  power  used  by  the  system.  In  addition, 
this  unit  contains  bridge  balance,  calibration,  filtering  and  signal -conditioning 
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circuitry  for  all  channels  as  well  as  the  excitation  voltage  supply  for  all  bridge- 
type  sensors.  Moreover,  the  unit  served  as  a  termination  point  for  all  signals 
to  be  recorded.  The  following  paragraphs  discuss  the  basic  functions  which 
this  unit  performed  for  each  of  the  data  channels. 


TABLE  A-l 

Oscillograph  Galvanometers  Listed  by  Type,  Function  and 

Channel  Assignment 


Channel 


Century 


Function 

Number 

Galvanomete 

Timing 

T 

210C56-2 

Altitude 

1 

210C58-2 

Dummy 

2 

200A12 

Acceleration  (nz) 

3 

210C56-2 

Dummy 

4 

200A12 

Pitch  Rate 

5 

210C56-2 

Dummy 

6 

200A12 

Airspeed 

7 

210C56-2 

Static  Reference 

8 

210C60-2 

Rotor  RPM  (nr) 

9 

210C56-2 

Engine  Torque  I 

10 

210C56-2 

Engine  Torque  II 

11 

210C56-2 

Voltage  Monitor 

12 

210C56-2 

Dummy 

13 

200A12 

Airspeed  Transducer  -  The  airspeed  transducer  was  a  0-  to  1-  psid 
Statham  unbonded  strain  gage  pressure  transducer,  Model  PL283TC- 1-350. 

So  that  connections  would  not  interfere  with  the  SAS,  the  transducer  was 
coupled  to  the  pilot's  pitot-static  system,  the  static  line  connecting  to  the  low 
side  of  the  transducer  and  the  pitot  line  to  the  high  side.  The  resistance  wire 
elements  of  the  transducer  were  arranged  in  the  form  of  a  Wheatstone  bridge. 

A  series  potentiometer  at  the  bridge  input  permitted  adjustment  of  the  excitation 
voltage  to  the  bridge.  This  voltage  was  supplied  by  the  aircraft's  28-volt  D.  C. 
source  and  was  regulated  to  12  volts  by  a  Zener  diode  regulator.  A  potentio¬ 
meter  connected  across  the  input  with  the  wiper  to  the  low  side  of  the  bridge 
output  adjusted  the  bridge  output  to  zero  voltage.  The  output  voltage  of  the 
bridge  was  fed  directly  to  a  100-cycle-per-second  galvanometer  in  the 
recorder. 
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Altitude  Transducer  -  The  altitude  transducer  was  a  0-  to  15  -  psia 

Statham  unbonded  strain  gage  pressure  transducer,  Model  PA911TC-15-350. 
This  transducer  was  connected  to  the  pilot's  static  system.  Except  for  the 
use  of  a  30-cycle-per-second  galvanometer  in  the  recorder,  the  electrical 
configuration  and  operation  of  this  system  was  identical  to  that  of  the  air¬ 
speed  system. 

Accelerometer  -  The  acceleration  at  the  helicopter's  center  of  gravity  was 
sensed  by  a  t  2.  5-g  Model  4-205  CEC  accelerometer.  This  accelerometer  is 
an  unbonded  strain  gage  transducer  in  a  Wheatstone  bridge  configuration. 
Potentiometers  in  the  bridge  balance  unit  permitted  adjustment  of  the  bridge 
excitation  voltage  and  bridge  balancing.  The  bridge  output  voltage  was  fed  to 
a  100-cycle-per-second  galvanometer  in  the  recorder. 

Pitch  Rate  Gyro  -  The  pitch  rate  of  the  craft  was  sensed  by  a  t  30-degree- 
per-second  rate  gyro,  manufactured  by  Humphrey,  Incorporated.  Having  a 
potentiometer  output,  this  rate  gyro  was  so  connected  in  a  Wheatstone  bridge 
circuit  that  two  of  the  arms  were  active  while  the  other  two  each  served  as  a 
dummy  resistor,  their  resistance  is  one  half  of  the  total  resistance  of  the 
potentiometer.  A  series  potentiometer  permitted  adjustment  of  the  bridge 
excitation  voltage  when  a  balance  potentiometer  was  connected  across  the 
bridge  excitation.  Through  an  R-C  filter  with  a  cutoff  frequency  of  14  cycles 
per  second,  the  output  of  the  bridge  was  fed  to  a  100-cycle-per-second 
galvanometer  in  the  recorder. 

Rotor  RPM  Measurement  -  The  rotor  rpm  was  recorded  by  sampling  one 
phase  of  the  output  of  a  three-phase  rotor  tachometer  generator  and  feeding 
the  signal  to  a  frequency-to-D.  C.  converter.  This  converter  reduced  the 
variable-frequency  signal  from  its  original  13  to  20  volts  to  5  volts  and 
converted  it  to  an  equivalent  D.  C.  voltage  which  deflected  the  100-cycle-per- 
second  galvanometer  in  the  recorder  in  proportion  to  the  rotor  tachometer 
generator  speed. 

The  signal  was  clipped  to  a  low  voltage  to  prevent  the  change  in  voltage 
from  affecting  the  frequency-to-D.  C.  converter  output,  since  the  converter 
was  sensitive  to  both  frequency  and  voltage.  Clipping  the  signal,  therefore, 
made  the  circuit  sensitive  only  to  frequency. 

Engine  Torque  Measurement  -  Torque  measurements  were  taken  of  each 
of  the  two  engines  whose  operations  were  identical.  The  A.  C.-  amplitude- 
modulated  signal  outputs  of  the  torque  sensing  units  on  each  engine  were  fed 
to  individual  amplifier -demodulator  units  in  the  bridge  balance  and  signal¬ 
conditioning  unit  where  the  millivolt  outputs  were  amplified  and  demodulated 
and  then  fed  to  a  100-cycle-per-second  galvanometer  in  the  recorder..  A 
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reference  signal,  required  for  the  demodulation  operation,  was  derived  from 
phase  B  of  the  aircraft's  A.  C.  power  system  and  fed  to  the  amplifier- 
demodulator  units. 

CALIBRATIONS 

Transducers  and  other  measu.  ing  systems  were  calibrated  by  applying 
known  values  of  various  3timuli  and  correlating  them  with  the  corresponding 
oscillogram  trace  deflections. 

In  this  program,  calibrations  were  of  two  types — laboratory  and  preflight. 
The  former  is  an  actual  calibration  of  an  instrument  against  controlled  labora¬ 
tory  standards  to  yield  oscillogram  trace  deflections  corresponding  to  dis¬ 
crete  input  levels,  and  the  latter  is  a  synthetic  calibration  of  an  installed 
instrument  before  each  flight  to  produce  calibration  pulses  which  correspond 
to  known  inputs  and  which  are  later  compared  with  laboratory  calibrations 
in  the  data  processing. 

Laboratory  Calibre  tions 

Laboratory  calibrations  using  the  oscillograph  were  performed  in  the 
manner  discussed  below. 

Airspeed  and  Altitude  Transducers  -  Mercury  and  water  manometers 
served  as  pressure  standards  in  performing  laboratory  calibrations  of  the 
airspeed  and  altitude  transducers.  With  the  manometers  connected  to  the 
airspeed  and  altitude  transducers,  discrete  pressure  and  vacuum  values  were 
applied.  The  bridge  output  voltages  of  the  airspeed  and  altitude  channels 
deflected  the  respective  oscillogram  traces  distances  which  were  analogous  to 
the  applied  pressure.  From  the  deflections  for  each  transducer,  a  calibration 
slope  in  applied  pressure  per  unit  deflection  was  derived  and  subsequently 
used  in  the  data  processing  computations. 

Accelerometer  -  The  accelerometer  was  calibrated  in  the  laboratory  by 
using  a  1  1-g  static  calibration  method.  A  zero-g  line  was  established  by 
placing  the  sensitive  axis  of  the  accelerometer  parallel  to  the  earth's  surface. 
Then  i  1-g  lines  were  determined  by  rotating  the  sensitive  axis  i  90°  from  its 
position  parallel  to  the  earth's  surface.  The  distance  between  the  zero  and  i 
1-g  lines  on  the  oscillogram  represented  a  bridge  output  voltage  corresponding 
to  i  1-g  acceleration  input.  From  this  data,  a  calibration  slope  of  g1  s  per 
unit  deflection  was  derived  for  subsequent  data  processing  computations. 

Rate  Gyro  -  The  rate  gyro  was  calibrated  in  the  laboratory  by  attaching 
it  to  a  rate  table  which  spun  at  controllable  rates.  As  the  rate  table  turned 
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at  discrete  angular  rates,  the  gyro  output  was  recorded  on  the  oscillogram. 
From  this  data,  a  calibration  slope  of  degrees  per  second  per  unit  deflection 
was  derived  for  subsequent  data  processing  computations. 

Engine  Torque  Measurement  System  -  With  the  torque  meter  static 
calibration  serving  as  an  initial  reference,  the  engine  torque  indication 
system  was  calibrated  in  the  field  by  running  the  engine  at  various  torque 
levels. 

Rotor  RPM  Measurement  System  -  The  rotor  rpm  indication  system  was 
calibrated  in  the  laboratory  by  using  a  variable -frequency  signal  generator  to 
simulate  the  output  of  the  rotor  tachometer  generator  and  in  the  field  by  noting 
the  data  displayed  by  the  aircraft  instruments. 


Freflight  Calibrations 

To  reflect  environmental  effects  and  instrumentation  changes,  the 
technician  performed  a  preflight  synthetic  calibration  on  each  oscillogram 
roll.  When  compared  with  the  laboratory  calibrations,  these  preflight  cali¬ 
brations  permitted  determining  a  calibration  correction  factor.  A  calibration 
resistor  in  the  .bridge  circuit  of  each  channel  within  the  bridge  balance  unit 
provided  the  means  of  performing  the  synthetic  calibration.  When  the  manual 
calibration  switch  was  thrown  and  the  calibration  resistor  was  consequently 
placed  across  one  leg  of  the  bridge,  the  bridge  became  unbalanced  and  thereby 
generated  an  output  voltage  analogous  to  a  specific  input  of  one  of  the  measured 
parameters.  The  value  of  the  calibration  resistor  Real  was  calculated  by 
substituting  the  values  on  the  transducer  data  sheet  in  the  following  equation: 


Real  = 


106R 
4N  F 


Rin  +  R 
4 


where 

R  =  resistance  between  the  output  terminals  of  the  transducer 
Rin  =  input  resistance 
F  =  calibration  factor 

N  =  number  of  units  of  the  variable  for  which  the  output  is  computed. 
INSTALLATION 

Installation  of  the  data  involved  three  major  components:  (1)  recorder  and 
bridge  balance- signal  conditioning  unit,  (2)  air  data  system  package,  and  (3) 
center  of  gravity  package.  Figures  A- 1  through  A- 11  show  the  installation  3nd 
wiring  details. 
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Recorder  and  Bridge  Balance -Signal  Conditioning  Units 


The  recorder  and  bridge  balance- signal  conditioning  units  were  installed 
together  on  a  single  bracket  which  was  shock  mounted  to  another  bracket.  The 
latter  bracket  was  bolted  to  the  aircraft  structure  on  the  right-hand  side  of  the 
baggage  pad  area  between  FS  410  and  FS  434.  Figures  A -2,  A-4,  A-5,  and 
A- 6  illustrate  the  installation. 

Air  Data  System  Package 

The  air  data  system  package  containing  the  altitude  and  airspeed  trans¬ 
ducers  was  mounted  on  a  single  bracket  attached  to  a  vertical  panel  forward 
of  the  co-pilot's  instrument  panel  and  adjacent  to  the  Bendix  VAF  transceiver. 
Located  approximately  at  FS  42,  the  package  was  located  within  12  to  18 
inches  of  the  pitot-static  tap-in  points.  The  installation  of  this  package  is 
illustrated  in  Figures  A-l,  A-4,  and  A- 7. 


Center  of  Gravity  Package 

The  center  of  gravity  package  containing  the  accelerometer  and  rate  gyro 
was  mounted  to  the  airframe  beneath  the  passenger  floor  near  FS  286  and 
battlock  line  0.  0.  In  this  positioning,  the  sensitive  axis  of  the  accelerometer 
was  perpendicular  to  the  craft's  floor  and  the  sensitive  axis  of  the  rate  gyro 
was  in  the  reference  plane  of  the  pitch  angle.  A  protective  covering  was 
placed  over  the  package  to  prevent  accidental  damage.  Figures  A-3,  A-4, 
and  A- 8  show  installation  details. 


Wiring 

With  the  exception  of  the  rotor  tachometer  generator  input  leads,  all 
wiring  from  the  recorder  system  was  routed  from  the  cargo  area  to  the 
passenger  area  through  the  bulkhead  at  FS  410.  The  rotor  tachometer  gen¬ 
erator  wiring  was  routed  along  the  tie-in  points  in  the  transmission  area 
above  the  baggage  pod.  After  passing  through  the  bulkhead,  the  main  cable 
bundle  was  routed  under  the  passenger  area  floor  between  FS  382  and  FS  410 
to  the  left-hand  side  of  the  passenger  compartment  and  then  behind  the  side 
paneling  to  the  cockpit.  The  main  bundle  followed  existing  cabling  along  this 
route  and  was  laced  to  it,  rather  than  held  down  by  cable  clamps.  The  center 
of  gravity  cable  was  routed  from  the  main  bundle  at  FS  320  and  passed  under 
the  passenger  floor  to  the  center  of  gravity  package.  Wiring  for  the  torque 
measurement  system  was  tied  into  the  helicopter  system  at  TB  56  located 
behind  the  co-pilot's  area.  Figure  A-4  indicates  where  the  wiring  is  located. 
Figures  A- 8  through  A*  11  show  additional  wiring  details. 
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Power 


AC  and  DC  power  for  the  system  was  fed  from  existing  circuit  breakers 
on  the  pilot's  overhead  circuit-breaker  console.  The  power  leads  were  con¬ 
nected  to  the  main  bundle  under  the  lower  pedestal  and  routed  directly  to  the 
recording  system.  Batteries  to  supply  power  for  the  rpm  frequency-to- 
voltage  converter  and  torque  amplifiers  were,  respectively,  a  Gulton  nickel 
cadmium  9-volt,  180-ma  battery;  and  two  Gulton  nickel  cadmium  14.  4- volt, 
500-ma  batteries. 

Helicopter,  General  Arrangement 

Table  A-Z  and  Figures  A-12  and  A-13  present  the  principal  dimensions 
and  general  arrangement  of  the  Boeing- Vertol  1 07-11  helicopter.  The  general 
arrangement  of  the  major  components,  shown  in  Figure  A-Z,  shows  a  stand¬ 
ard  seating  arrangement  used  for  commercial  passenger  operation. 


Table  A-Z 


DIMENSIONS  AND  AREAS— 

GENERAL 

Primipal  Dimension*  (ice  Fiaure  A-13) 

Airliner  and 

A.  General 

Utility  Helicopters 

Height  (at  aft  rrttor) 

202  0  in. 

Width  (rutora  turning) 

600.  0  in. 

Width  (rutora  positioned) 

326. 0  in. 

Length  (rotors  turning) 

1000.  0  in. 

Length  (rotors  positioned) 

86 l . 0  in. 

Length  (rotors  positioned  and  dephaaed) 

722.0  in. 

B  Fuselage 

Cabin  height 

86-  0  in. 

Cahin  width 

87. 0  In. 

Length 

334.  8  in 

Ground  clearance 

18.  0  in 

Ramp  entrance  width 

-- 

Ramp  entrance  height 

-  - 

C.  Rotors 

Blade  length 

300. 0  in. 

Blade  c  hord 

18.  0  in, 

Rotor  diameter 

600. 0  in. 

Rotor  overlap 

200- 0  in. 

Ground  clearance  (minimum)  on  forward  rotor 

106.  7  in. 

with  blades  at  rest 

D.  Landing  Gear 

Wheel  base  (static) 

297.  8  in. 

Wheel  tread 

154. 5  in 

Overall  width  at  stub  wing 

174. 2  in. 

Principal  Areas  (see  Figure  A-13) 

A  Grnrral 

Rotor  disk,  eai  h 

1963.  5  sq  ft 

Total  rotor  di«k  (Iras  overlap) 

3497.  09  sq  ft 
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Figure  A-4.  Instrumentation  Installation  Vertol  107-11  Helicopter 


Shock  Mount  -  Oscillograph  and  Bridge  Balance  Box 


Center  of  Gravity  Instrumentation  Package 


Figure  A- 10.  Wiring  Diagram  -  Recording  System 
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Figure  A- 12.  General  Arrangement  and  Major  Components  -  Vertol 
107-11  Helicopter 


A- 1 7 


Figure  A- 13  .  Dimensions  and  Areas  -  Vertol  107-11  Helicopter 


